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Personnel engaged in the installation, 
operation and maintenance of this equip- 
ment or similar equipments are urged to 
become familiar with the following rules 
both in theory and the practical applica- 


tion thereof. It is the duty of every radio 
man to be prepared to give adequate first 
aid and thereby prevent avoidable loss of 
life. Your own life may depend on this. 


ARTIFICIAL RESPIRATION 
Prone-Pressure Method 


When a person is shocked by electric current, 
first shut off the current if it can be done quickly. 
Otherwise set about removing subject from con- 
tact with wire or rail. During the process of 
removal, the rescuer must not come in contact 
with the body of the person shocked. Use rubber 
gloves, rubber coat, silk, dry board, dry cloth. 

In gas poisoning from automobile exhaust gas, 
illuminating gases, and gas from burning charcoal, 
the carbon monoxide combines with the blood, 
actually diminishing the amount of oxygen the 
blood can absorb. 

The prone-pressure method of artificial respira- 
tion described in these rules should be used in 
cases of suspended respiration from all causes — 
drowning, electric shock, carbon monoxide poison- 
ing, injuries, etc. Follow the instructions even 
if the patient appears dead. Continue artificial 
respiration until natural breathing is restored or 
until a physician advises you to discontinue your 
efforts. 

(1) Lay the patient on his stomach, one arm 
fully extended overhead, the other arm bent at 
elbow and with the face turned outward and rest- 
ing on hand or forearm. (This protects the mouth 
and nose from dirt, provides a slant to head for 
drainage, and allows tongue to drop forward.) 

(2) Kneel straddling the patient’s thigh or 
thighs, with your knees placed at such distance 
from the hip bones as will allow you to lean for- 
ward with your hands on the patient’s lower ribs. 

Place palms of the hands over lower ribs, one 
on each side of the spine, about four inches apart, 
at right angles to spine, with the thumb and fin- 
gers in a natural position. The hands are in cor- 
rect position when the little finger of each hand 
is over and following the line of the lowest rib. 
See Figure 1. 

(3) Move weight of body slowly downward 
and forward for three seconds (count 1-2-3 
slowly); do not let hands slip. Keep arms straight. 
The shoulder should be behind the hands, so that 
the pressure exerted is forward as well as down- 
ward, and by the “heels” of the hands, and not 
the fingers. See Figure 2. 

(4) Release pressure suddenly, removing hands 
from the patient, allowing patient’s chest to 
expand and fill with air. After two seconds inter- 
val (count 1-2 slowly) repeat pressure. This 
makes one respiration every five seconds, twelve 
per minute. Do not work faster than this. After 
rhythm is obtained actual counting can be 
stopped. See Figure 3. 

During the interval operator can swing back 


and sit on his heels, thus relaxing muscles of his 
back. This will enable him to work for a much 
longer period. 

(5) Do not give up! There are cases on record 
of resuscitation after thirty minutes’ submersion. 
There is no certain sign by which you can deter- 
mine that it is too late for artificial respiration. If 
no results are seen the patient should not be 
abandoned until at least three and one-half hours 
of effort have been made to revive him. 


SUPPLEMENTAL TREATMENT 
While carrying on artificial respiration organ- 
ize helpers, but do not stop artificial respiration fer 
anything. Send for a physician, blankets, hot- 
water bottles or heated bricks, hot water or tea 
or coffee for stimulants (no alcoholics). Have 


patient's clothing loosened around neck and chest, 
mouth and nose cleared of any mucus or mud, and 
tongue moved back and forth occasionally to stim- 


ulate reflexes; body and limbs rubbed toward the 
heart. Have blankets and hot-water bottles 
applied but not any hot articles next to the pa- 
tient’s skin. If there is aromatic spirits of am- 
monia at hand have some poured on handkerchief 
and placed near patient's nose. Have the crowd 
that may have collected kept well back so as to 
give the patient plenty of air. Select an intelligent 
helper to watch you and so instruct him that he 


may be able to take your place when you need a 
relief. 

When the patient begins to breathe and can 
swallow, give him sips of aromatic spirits of am- 
monia (teaspoonful to one-fourth glass of water), 
or hot water, coffee, or tea. Do not allow patient 
to walk or otherwise exert himself; he should be 
carried to some place where he can be put in bed 
and receive medical attention. 


CAUTION 


Often inexperienced or excited persons attempt 
to administer artificial respiration when there is 
no need for such treatment. It is not required 
when the patient, on removal from the water, is 
able to breathe. Such cases are in need of treat- 
ment for exposure and shock. They should be 
placed on a slanting surface, head down; covered 
by blankets and hot-water bottles; stimulated by 
hot drinks or aromatic spirits of ammonia (tea- 
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spoonful to one-fourth glass water); massage of 
limbs; carried to a bed for further medical atten- 
tion. 

Save the seconds and you have a better chance 
of saving the life. Do not waste time carrying 
patient to a quict spot. Work where he is taken 
from the water. Do not waste time trying to get 
water out of the stomach. Turn patient’s face 
down and go to work immediately. 
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WARNING 


Operation of this equipment involves the use of 
high voltages which are dangerous to life. Operating 
personnel must at all times observe all safety regula- 
tions. Do not change tubes or make adjustments 
inside equipment with high voltage supply on. Do 
not depend upon automatic connector for protection 
but always open main switch in power supply circuit 
particularly when using servicing cable for service 
tests. Under certain conditions dangerous potentials 
may exist in circuits with power control in the off 
position, due to charges retained by capacitors. To 
avoid casualties always discharge and ground circuits 
prior to touching them. 


CAUTION: When the equipment is drawn forward 
on the slides, the power circuits to the supply (110- 
115--120 volt, 60-cycle) line are automatically broken 
on both sides. 


CAUTION: When the automatic connector is 
bridged by the servicing cable, with the equipment 
drawn forward on the slides, for service tests or 
adjustments under operating conditions, great care 
‘must be taken not to touch the circuits until the 
power switch is thrown to the off position. 


The attention of engineer officers, radio officers 
and operating personnel is directed to Bureau of 
Engineering Circular Letter No. 5a of October 3, 1934, 
or subsequent revisions thereof on the subject of 
‘*Radio-Safety Precautions to be Observed.’’ 
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CONTRACTUAL GUARANTEE 


This equipment, including all parts and spare parts, except vacuum 
tubes, is guaranteed fer a service period of ONE YEAR with the under- 
standing that, as a condition of this contract, all items found te be defective 
as to design, material, workmanship er manufacture will be replaced without 
delay and at no expense to the Government: provided that such guarantee 
and agreement will not obligate the contractor to make replacement of 
defective material unless the failure, exclusive of normal expected shelf life 
deterioratien, occurs within a period ef TWO YEARS frem the date ef 
delivery of the equipment to and acceptance by the Government, and pro- 
vided further, that if any part or parts (except vacuum tubes) fail or are 
found defective to the extent of ten per cent (10% ) er more ef the total 
number of similar units furnished under the contract (exclusive ef spares), 
such part or parts, whether supplied in the equipment or as spares, will be 
conclusively presumed to be ef defective design, and as a condition of cen- 
tract subject te one hundred per cent (100%) replacement by suitable 
redesigned units. 

Failure due to poor workmanship while not necessarily indicating poor 
design, will be censidered in the same categery as failure due to poor design. 
Redesigned replacements which will assure proper operation of the equipment 
will be supplied promptly, transportatien paid, to the Naval activity using 
such equipment, upon receipt of preper notice and without cost to the 
Government. 

All such defective parts will be subject to ultimate return te the contrac- 
tor. In view of the fact that normal activities ef the Naval Service may 
result in the use of equipment in such remote pertions of the world under 
such cenditions as to preclude the return ef the defective item or unit prior 
toreplacement without jeopardizing the integrity of Naval communications, 
the exigencies of the Service therefore may necessitate expeditious repair 
of such item er unit in order to prevent extended interruption of communica- 
tions. In such cases the return of a defective item or unit, for examination 
by the contracter, prier to replacement will not be required. The report of a 
respensible authority, including details of the cenditions surreunding the 
failure will be acceptable for effective adjustment under the provisiens ef 
this contractual guarantee. 

The above period of TWO YEARS and the service period of ONE YEAR 
will not include any pertien of the time that the equipment fails to give 
satisfactery performance due te defective items and the necessity for replace- 
ment thercef, All replacement parts will be guaranteed to give ONE YEAR 
of satisfactery service. 

Report of failure ef any part of this equipment. during its service life, 
shall be made te the Bureau of Engineering in accordance with current 
instructiens. The report shall cover all details of the failure and give the 
date of installation of the equipment. Refer to latest revision of Bureau 
of Engineering Circular Letter 40 fer instructions cencerning Reports of 
Failures, ete. 


Contract No.: NOs. 83891 Date of Contract: 7 April, 1941 
Serial Number ef Equipment... cceccececnsseerssscseeecsnesessnsnssneetseeasaeertes 


Date ef acceptance by the Navy... .ccccccccesssecsescsesssessseessseetssssscsesseauecessaseverss 


Date of delivery to contract destination 
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INSTRUCTIONS 
FOR 


COMBINED HETERODYNE FREQUENCY METER 
AND 


CRYSTAL CONTROLLED CALIBRATOR EQUIPMENT 
MODEL LR-1 


SECTION 1. GENERAL DESCRIPTION 


1.1 


The overall dimensions of this equipment are: 
Width: 18 inches 
Height: 23 inches 
Depth: 1715 inches 


1.2. The total weight of the equipment, uncrated 
and ready for operation, is 155 pounds. The 
total weight of spare parts is 59 pounds. 


1.3 The equipment is used on 110-115-120 volt, 
60-cycle, power supply. ‘The power demand 
on STAND BY is 43 watts and for full operation 


is 160 watts. 


SECTION 2. 


2.1. DRILLING FOR MOUNTING 


2.11. Drill four holes in bench or desk for the 

four bolts for holding the shock mount- 

ings, as shown in Figure 2.1. Drill also a large 
hole, as shown, for power leads. 


2.2 RELEASE OF INSTRUMENT 
SLIDE CARRIAGE 
2.21 Place the instrument on deel or on a 
large desk, so that. when the slide carriage 
is drawn forward, the instrument will not tip 
forward and be damaged. 


2.22 Unlock the four fasteners, H-102, 11-183, 
near each corner of the main panel, by 

turning one-quarter turn to the left. Slide instru- 
ment forward in its carriage to the full extent of 
the slide, then move it back about one-half inch. 
Release the two stop latches, H-104, on cach of 
the side frames of the instrument at lower rear, 
by raising the latches, H-104, with the fingers. 
Holding these latches up, draw the instrument 
forward far enough for the latch bars to clear the 
stops. The equipment may be held by two per- 
sons; the one on the left grasping the Ieft panel 
handle, H-101, with his right hand, and the handle 
H-105 (left side, rear) with his left hand (remove 
V-117, with shield, and V-116 for easier access 
to handle, H-105, if desired), the one on the 
right grasping the right panel handle, H-101, with 
his left hand and the opening on top shelf rear 


FROM 


1.4 The equipment is intended for measuring the 
frequency of radio transmitters, or for set- 
ting radio receivers to desired frequencies, in the 
range 160 ke to 30 Mec. By harmonic extension, 


frequencies above 80 Me may be measured. 


1.5 The equipment consists of a single unit 
which includes all power supply equipment, 
heterodyne frequency meter, crystal calibrator, 
detector-audio amplifier and interpolator (elec- 


tronic frequency meter). 


INSTALLATION 


with his right hand. Then withdraw the instru- 
ment completely from the case. Place it on a desk 
or on the deck, where it has a good support, and 
there is no danger of damaging it. 


2.3 BOLTING DOWN SHOCK MOUNTINGS 


2.31. Place the housing in position over the 
holes drilled for mounting. Place a check 
washer on a mounting bolt, and drop the bolt 
down through the right rear shock mounting. Run 
ona washer and nut from below the desk, tighten- 
ing up from below. If necessary, the bolt head 
may be held with an open-end wrench while the 
nut is being tightened. Repeat for the left rear 
shock mounting but note grounding connection, 
Section 2.4, following. Repeat for the front mount- 
ings. 
2.4 GROUNDING OF CASE 


2.41. The case of the instrument must be 
grounded on installation. Provision for 
this is made within the case as follows. A flexible 
braid connection is supplied connected to the base 
casting at one of the mounting screws of the left 
rear shock mounting. One of the check washers 
is supplied with a screw and nut for bolting on the 
terminal of this braid connection. Take this 
washer, take off the outer nut, place the terminal 
of the braid connection on the screw, and lock 
tight with the nut. Place the washer over the 
shock mounting with the terminal on the upper 
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side and run the mounting bolt down through the 
washer, shock mounting and desk. Run washer and 
nut onto bolt from below. Provide a ground con- 
nection from this left rear mounting bolt to ground. 
This conductor need not be large, as it carries no 
appreciable current. 


2.5 CONNECTING POWER AND REMOTE 
TELEPHONE LEADS 


2.51 Remove the cover of the terminal and 
filter assembly, which is located on the 
left-hand side of the main base casting. Loosen 
both clamps located on middle web of the termi- 
nal and filter assembly. 


2.52 Run the remote telephone cable up 
through the hole provided in the desk or 

bench, through the right-hand hole in the base 
casting, then up through the clamp to the termi- 
nal block marked TEL. Solder or screw the wires 
to the terminals. Tighten clamp on cable so that 
no strain will come at the terminal connections. 


2.53 The cable clamps mentioned in Para- 
graphs 2.51 and 2.52 are suitable for 
clamping the ends of Type TTHF-1 and MSC-2 
cables. The bodies of the cables can be firmly 
clamped so that no strain will be taken by the 
conductors exposed for making connections to 
the terminals. 
2.54 Replace the cover of the terminal and 
filter assembly. 


2.6 REPLACING INSTRUMENT IN CASE 


2.61 First push the “half-speed” carriage back 
into the cabinet. Pick up instrument as 
described in Paragraph 2.22 and set the roller rails 
gn the front rollers of the half-speed carriage. Still 
holding the weight of the instrument and guiding 
it approximately level into the slides, move the 
instrument back into the case. When the roller 
rails strike the half-speed rollers, ease the rails 
past the rollers by raising the front of the instru- 
ment alittle, taking the weight off the front rollers. 
When the roller rails go by the half-speed rollers, 
ease the instrument down so the weight is taken 
by the roller rails. Then roll the instrument 
slowly full into the case. The stop latches, H-104, 
should lift over the stops automatically, and, 
when the instrument is nearly all the way into 
place, should fall into the lock position. Before 
locking the instrument into place, slowly withdraw 
it on the slide carriage, until the stop latches, H-104, 
are visible. Inspect them to make certain they are 
in the lock postition, that is, with the ends of the 
latch bars resting on the top of the carriage frames. 
Replace V-117 and shield and V-116 if removed 
for access to left side frame handle, II-105. Slide 
instrument into the cabinet and lock the four 
fasteners, H-102, I{-103, near each corner of the 
main panel, by turning one-quarter turn to right. 


SECTION 3 
PRINCIPLES OF OPERATION; ENGINEERING DISCUSSION 


3.1 GENERAL STATEMENT 
3.11 This section gives an engineering dis- 
cussion covering the component circuits 
and the principles of operation. This section does 
NOT cover operating instructions. FOR OPER- 
ATING INSTRUCTIONS, SEE SECTION 4. 


3.12 Without details as to the individual 
components, the principles of operation 

of the equipment may he understood with refer- 
ence to Figure 3.12. The principal controls 
associated with each portion of the equipment 
are indicated by symbol designation and may he 
identified on the photograph of the panel, page 62. 


3.13. The general principles of operation may 
be outlined as follows: 

3.131 In measuring a frequency f,, intro- 

duced at the R. F. INPUT terinal, 

the DETECTOR INPUT switch S-103 is th own 


to the MATCII position. Beats betwee: the 
fundamental, or a harmonic, frequene of the 
heterodyne frequency meter, IF! * ds the 


frequency, f:, under measurement, are wuch pro- 
duced in the detector, amplified in the audio 
frequency amplifier and may be hear. in the 


telephone receivers. The heterodyne frequency 
meter is then adjusted carefully by C-135-A, -B, 
to obtain zero beat, matching the used output 
frequency to the frequency being measured. This 
process is advantageous, particularly if the fre- 
quency, fr, being measured is intermittently 
applied, as by keying of the transmitter. 


3.132) Having matched the heterodyne fre- 
quency meter to the frequency, f,, to 

be measured, the controls of the frequency meter 
are left strictly alone. The DETECTOR INPUT 
switch, 5-108, is then thrown to the MEASURE 
position, and the CALIBRATOR is turned on at 
S-101, operating at 10ke. A beat is then obtained 
in the detector between the fundamental frequency 
of the heterodyne frequency meter, HFM, and 
a harmonic of the CALIBRATOR. This beat 
frequency is amplified in the audio-frequency 
amplifier and may be heard in the telephones. 
This beat frequency is always less than about 
5 ke. (See paragraph 3.245 following for discus- 
sion of the formation and frequency ranges of 
these heat frequencies.) While an output voltage 
is applied to the telephones, so that the beat 
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CALIBRATOR 


FIGURE 3.12. 


frequency may be heard, a voltage is also applied 
to the Interpolator, which automatically indicates 
on the meter, M-101, the value of this beat fre- 
quency. The value of the frequency being measured 
is then given by the sum of the calibrator harmonic 
frequency and the beat frequency indicated by the 
interpolator. The calibrator harmonic frequency is 
given by the HFM FREQUENCY dial, and the 
beat frequency is given by the reading of the 
= ieee meter M-101 on the proper 
scale. 


3.133 In setting up a desired frequency, the 
DETECTOR INPUT switch, S-103, 
is thrown to the MEASURE position. With the 
calibrator running at 10 ke, as selected at S-101, 
set the Heterodyne Frequency Meter to a selected 
calibrator harmonic (identified on the HFM 
FREQUENCY dial) and then adjust (by C-135- 
A, -B) until the beat frequency, indicated on the 
proper scale of the INTERPOLATOR meter, 
M-101, is of the proper value. The frequency thus 
set up is available at the R. F. OUTPUT terminal 
for usc in external receivers. This frequency may 
be compared with an incoming signal applied at the 
the R. F. INPUT terminal by throwing DETEC- 
TOR INPUT switch, S-103, to the MATCH 
position. The beat frequency difference between 
the frequency set up on the heterodyne frequency 
meter and the incoming frequency may then be 
heard in the telephones. 


3.2 COMPONENT ELEMENTS 
3.21. The circuits of the Modcl LR Combined 


Heterodyne Frequency Meter and Crys- 
tal Controlled Calibrator may be broken down 


> DET. INPUT 
$-103 


DETECTOR 
A.F. FILTERS 
A.F. AMP. 


INTER— 
POLATOR 


Brock Diacram ILLUsTRATING GENERAL PRINCIPLE OF OPERATION 


into the following component elements: 
3.22 CrysTAL CONTROLLED CALIBRATOR 
3.221 Crystal Oscillator 
3.222 Temperature-Control System 
3.223 Multivibrator 
3.224 Output Amplifier 


3.23 HETERODYNE FREQUENCY METER 


3.231 Oscillator 

3.232 Ranges of Frequency Meter 
3.233 Scales of Frequency Meter 
3.234 Compensator Capacitor 


3.235 
3.236 
3.237 


Interpolator Scale-Test Capacitor 
Output Circuits 
Harmonic Range and Multiplier 
Chart 
3.24 DeEtTEcToR AND AUDIO-FREQUENCY 
AMPLIFIER 


3.241 Detector and R-F Input Circuits 

3.242 Impedance Transforming Tube and 
First Filter 

3.243 Audio-Frequency Amplifier 

3.244 Second Filter and Output Circuit 

3.245 Formation of Beat Frequencies 

3.246 Formation of Extraneous Beat Fre- 


quencies 
3.25 INTERPOLATOR 
3.251 Input Amplifier 
3.252 Electronic Frequency Meter 
3.253 Scales, Scale Test and Selector 
3.26 Power Supply 
3.261 110-115-120 volt, 60-cycle supply 


3.262 Power Switch 
3.263 Voltage Regulator 
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3.22 CrrYsTAL CONTROLLED CALIBRATOR 
3.221 Crystal Oscillator 


3.2211 The crystal oscillator circuit fun- 
damentally consists of a Colpitts 
Oscillator, using a screen-grid tube, V-101, in 
which the 100-ke quartz bar, Y-101, replaces the 
oscillator circuit inductance. A portion of one of 
the oscillator circuit capacities is made variable, 
C-102, for the purpose of permitting small changes 
in frequency to be made. This adjustment is 
made at the factory and locked. In service, when 
a series of careful measurements demonstrates 
that the necessity exists, the frequency of the 
crystal oscillator may be brought into agreement 
with standard frequency transmissions by unlock- 
ing this control, adjusting for zero beat, and then 
locking the control again. See Section 4.6. 


3.2212 The crystal, Y-101, is of the bar 

type, vibrating, in the direction of 

its length, at a frequency of 100 kc+1 cycle at 
50° C. The electrodes are formed directly on the 
surface of the quartz, eliminating air-gaps and any 
variations in frequency resulting from changes in 
air-gaps with time, temperature or vibration. 
Adjustable bafiles, set and locked at the factory, 
greatly reduce the supersonic damping of the bar 
and variations in frequency due to variable air 
columns. The proportions of the bar are carefully 
chosen to provide adequate excitation and low 


temperature coefficient of frequency. The bar is 
mounted by clamping at the mid-point, which is 
a node of mechanical vibration. 


3.2213 By taking the output voltage of 
the crystal oscillator by electron 
coupling in the tube, V-101, the output is prac- 
tically constant for any setting of the frequency 
adjusting capacitor, C-102. This voltage is 
impressed on the grid of a degenerative triode 
amplifier, V-102, which provides for isolating the 
multivibrator from the crystal oscillator, for 
introducing the control voltage into the multi- 
vibrator circuit, and for adjusting the magnitude 
of this voltage by adjustment of the cathode 
resistor, R-109. Through the use of degeneration, 
the gain of this amplifier, V-102, is made nearly 
independent of tubes or supply voltages. 


3.222 Temperature-Control System 


3.2221 Since the temperature coefficient 

of frequency of the crystal oscil- 

lator is low, about one part per million per degree 
Centigrade, accurate temperature control is 
unnecessary. Consequently, the temperature- 
control system has been designed for simplicity, 
compactness, low power consumption and quick 
warm-up. The control system consists of an 
aluminum plate, on which are mounted the heat- 
ers, R-101, and crystal, Y-101. A thin aluminum 
box attaches to thebase andcarriesthe thermostat, 
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S-107. Within the aluminum box is placed the 
crystal holder, which consists of a heavy isolantite 
plate on which the crystal is mounted and to 
which a heavy metal cover, for mechanical and 
thermal protection of the crystal, is attached. 
The power demand is approximately ten watts. 
This power is handled directly by the contacts of 
the bimetallic vacuum-mounted thermostat,S-107. 
The normal working temperature is 50°C +2.5°C. 
Variations in temperature from the normal do 
not usually exceed 0.5°C. Operation of the tem- 
perature control system is indicated by the signal 
lamp marked CRYS. HEAT, I-101. 


3.223 Multivibrator 


3.2231 The multivibrator is a relaxation 
oscillator having two special prop- 

erties which are utilized in this equipment. First, 
the harmonic content is high, providing usable 
harmonics throughout the fundamental range of 
the heterodyne frequency meter (160-7500 kc); 
second, the multivibrator frequency is readily 
controlled, or locked, by injection of a small volt- 
age from the crystal oscillator. In effect, this 
results in a large number of harmonic frequencies, 
each as accurate as the crystal oscillator frequency. 


3.2232 If the fundamental frequency 
of the multivibrator is 100 ke, 
that is, equal to the frequency of the crystal 
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oscillator, the harmonics will, of course, be the 
same as those which might be obtained directly 
from the crystal oscillator, but generally will be 
very much stronger. This is particularly true of 
the higher harmonics, which would normally be 
very weak in a crystal oscillator. An important 
feature of the multivibrator is that the fundamen- 
tal frequency may be any integral sub-multiple 
of the crystal oscillator, or control, frequency. 
That is, if the multivibrator fundamental fre- 
quency is set to 4, 4, $, 4, . .. of the crystal 
oscillator frequency (100 ke), it can be controlled 
by the crystal oscillator at 50, 33.3, 25, 20... ke. 
In this equipment the multivibrator may be 
operated at any one of three fundamental fre- 
quencies, 100, 20 and 10 ke, selected by the 
switch, S-101. 


3.224 Output Amplifier 


3.2241 For any fundamental frequency of 

the multivibrator, the amplitude 

of the successive harmonics tends to fall off, 
roughly in proportion to the number of the har- 
monic. That is, if the fundamental amplitude is 
1.0, the amplitude of the 10th harmonic is roughly 
0.1; that of the 100th harmonic is roughly 0.01, 
and so on. In covering the range of the hetero- 
dyne frequency meter of 160-7500 ke, harmonics 
of 100 ke up to the 75th are used; of 20 kc up to the 
375th, and of 10 ke up to the 750th. If the output 
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of the multivibrator were used directly, in obtain- 
ing beats against the heterodyne frequency meter, 
the amplitudes of the beats would vary tremen- 
dously (roughly 1000:1) over the range of the 
frequency meter. This discrepancy is greatly 
reduced by the coupling system connecting the 
multivibrator to the output amplifier. A very 
small capacitance, C-117, and low resistance, 
R-122, 123 or 124, are connected in series across 
the multivibrator output, with the amplifier 
input connected across the resistance. This 
arrangement greatly reduces the amplitude of the 
lower harmonics at the amplifier grid, without 
materially affecting the higher harmonics. A 
further equalization is obtained in the coupling 
system to the detector, detailed in Section 3.24. 
3.23 HETERODYNE FREQUENCY METER 
3.231 Heterodyne Frequency Meter Oscillator 


3.2311 The heterodyne frequency meter 
oscillator is of the Colpitts elec- 
tron-coupled (Dow) type, V-110, with plate volt- 
age regulator, V-111. Seven fundamental fre- 
quency ranges are provided, each having its 
own inductor, L-101 to L-107; the inductor in 
circuit is selected by the RANGE SELECTOR 
switch, S-102. For each range a variation of 
frequency of 1.414:1 is obtained by means of the 
precision worm-drive variable capacitor. The 
range switch automatically changes the coupling 
between the heterodyne frequency meter, the 
calibrator and the detector by capacitors C-141 to 
C-145, so as to maintain suitable amplitudes of 
beat notes for beats between the frequency meter 
and calibrator. 
3.232 Ranges of Frequency Meter 
3.2321 While there are but seven fun- 
damental frequency ranges, there 
are 13 effective ranges, each having a scale on the 
direct-reading frequency dial, N-103. The appro- 
priate scale is exposed by a mask automatically 


Range Frequency 


on S-102) Min. Maz. 
1 160 ke 232 ke 
Q 232 330 
3 330 470 
4 470 660 
5 660 940 
6 940 1330 
v4 1.33 Me 1.87 Mc 
8 1.87 2.65 
9 2.65 3.75 
10 3.75 5.3 
11 5.3 7.5 
12 7.5 10.6 
13 10.6 15.0 


operated from the range switch, S-102. In addi- 
tion, a fourteenth scale, of equal parts, used with 
the vernier scale, N-104, on the precision capacitor 
shaft, is exposed at all times. Below are the 
design limits of the 13 effective ranges. 


3.2322 In connection with the use of a 
single inductance for two ranges, 
it may be demonstrated that the performance on 
the second harmonic is identical with that which 
would be obtained with a second coil designed to 
cover the same frequency range as the second 
harmonic of the first coil. For example, the 
“kilocycles per division” on the HFM frequency 
dial, N-108, is the same in the second harmonic 
ranges of the coils used as the ‘‘kilocycles per 
division” which would be obtained on other coils 
covering the same ranges by means of the fun- 
damental. 


3.233 Scales of Frequency Meter 


3.2331 Thedirect-readingfrequency scales 
are calibrated so that every used 
harmonic of the crystal calibrator is directly 
identified, on both fundamental and second har- 
monic ranges of the heterodyne frequency meter 
covering a total range from 160 ke to 15 Mc. 
With the direct-reading frequency scales, the 
frequency meter may be set to a desired frequency, 
or a frequency may be read from the scales, just 
as readily and simply on the second harmonic 
ranges as on the fundamental ranges. 


3.234 (ompensator Capacitor 


3.2341 One of two auxiliary controls of 
frequency provided on the fre- 

quency meter, is called the COMPENSATOR, 
C-135-C, The co:npensator is provided for bring- 
ing the direct-reading dial into agreement with the 
calibrator, if the calibration should not agree 
because of long time drift. If any question arises 
as to whether the alignment adjustment is through 


Scale on 
Notes Dial N-103 

Fundamental BLACK 
Fundamental BLACK 
Fundamental BLACK 
Second Harmonic of 2 RED 
Second Harmonic of 3 RED 
Fundamental BLACK 
Fundamental BLACK 
Second Harmonic of 6 RED 
Second Harmonic of 7 RED 
Fundamental BLACK 
Fundamental BLACK 
Second Harmonic of 10 RED 
Second Harmonic of 11 RED 
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error being made against a 10-ke harmonic above 
or below the correct one, it can be answered by 
use of either the 20-ke or 100-ke harmonies of the 
calibrator. In general, the calibration will not be 
in error by an amount which would lead to such 
ambiguity. 
3.235 Interpolator Scale-Test Capacitor 
3.2351 The second auxiliary control is 
called the INTERPOLATOR 
SCALE-TEST control, C-163, and is provided 
for producing a smoothly controllable change in 
frequeney of the heterodyne frequency meter, 
without the need of changing the setting of the main 
frequency control. This control is used in deter- 
mining the sense, or sign, of the heat frequency 
indication given by the interpolator. The capaci- 
tor, C-163, is held in the minimum position by a 
spring return, so that it is effective in the circuit 
only while the control is being used. On advancing 
the control from the position of rest, the frequency 
of the heterodyne frequeney meter is reduced, very 
gradually at first and then more and more rapidly. 
Consequently, for any frequency in the range of 
the frequency meter and for any beat frequency, 
it is possible to reduce the frequeney gradually 
enough to make a small change in a low beat fre- 
queney obtained at high radio frequencies, or 
rapidly enough to make a noticeable change in a 
high beat frequency obtained at low radio fre- 
quencies. See also paragraph 3.253, particularly 
3.2536 and following paragraphs. 
3.236 Output Circuits 
3.2361 Two output circuits are pro- 
vided) for the heterodyne fre- 

queney meter, one for the purpose of obtaining 
an output voltage of fundamental or harmonic 
frequency, and used to produce beats against 
the frequency being measured, and the other for 
obtaining beats at fundamental frequency only 
with harmonies of the calibrator. The first output 
cireuit is utilized when the deteetor input is 
switched to the MATCH position, 5-103. When 
so connected, and with a frequeney to be meas- 
ured applied at the RE INPUT terminal, the beat 
between the heterodyne frequency meter and the 
‘unknown frequency is heard in the telephones. 
The frequency meter is then adjusted so as to 
obtain zero beat. When the detector input. is 
switched to the MEASURE position, at S-108, 
without changing the sctting of the heterodyne fre- 
quency meter, the beat between the heterodyne 
frequency meter fundamental and the calibrator 
is heard. Since the calibrator harmonic is iden- 
tified immediately from the direct-reading dial, 
the beat frequency is the amount that the un- 
known frequency is above or below the known 
standard frequency. The beat frequeney value 
is indicated automatically by the interpolator 
meter, M-101. The sign is determined by use of 
the INTERP@®LAT®@®R SCALE-TEST capacitor, 
C-163. See paragraphs 3.235 and 3.253. 


3.237 Harmonic Range and Multiplier Chart 

3.2371 ‘The harmonic range and multi- 

plier chart, N-106, secured to the 

housing of the ITEM FREQUENCY dial, N-103, 

is for aid in quickly determining which range of 

the heterodyne frequency meter and what mul- 

tiplier should be used when frequencies above the 

dircet-reading range of 160 ke to 15 Me are to be 
set up or measured. 


3.2372) From the range table, paragraph 
3,232, it is evident that ranges 10 
and 11, covering 3.75-5.8 and 5.3-7.5 Me by the 
fundamental frequency, carry fundamental fre- 
queney calibrations on the ITFM dial. Similarly, 
ranges 12 and 13, covering 7.5~-10.6 and 10.6-15.0 
Me on the second harmonic, are really direct- 
reading second harmonic ranges of ranges10 and 11, 
Another way of stating it is that the first two 
harmonies of ranges 10 and 11 carry direct-reading 
salibrations. 


3.2373 Tf use is made of ranges 10 and 11 

at) harmonies higher than the 

second, the frequeney read from the dial and inter- 
polator must be multiplied by factors correspond- 
ing to the number of the harmonic used. For 
example, the fundanental range would be multi- 
plied by 3 if the third harmonic were used; by 4 
for the fourth harmonic and so on, Having a 
direct-reading second harmonic scale, however, 
permits the use of smaller multipliers. For exam- 
ple, for the fourth harmonic, the fundamental 
scale must be multiphed by 4, but the second 
harmonic scale needs only to be multiplied by 2. 


3.2374 It will be seen from the above that 
if an odd numbered harmonic is 
used, the fundamental scale must be multiphed by 
this odd harmonie number. If an even numbered 
harmonic is used, the fundamental scale must be 
multiplied by this eve harmonic number, or the 
second harmonic scale must be multiplied by one- 


half of this even harmonic number. 


3.2375 All of these factors are taken into 

account in the harmonic range 

and multiplier chart, and the correct. interpreta- 

tion of any harmonic range and its corresponding 

multiplier is given for all harmonics up to the 
eighth. 


3.2376 ‘The use of the chart is illustrated 
as follows: 


EXAMPLE A 


(1) To find the proper range and multiplier for 
setting upa desired frequency. 

(a) Enter chart with desired frequeney, on 
frequeney scale at top. (Example: 24.0 Mc.) 

(b) Note where desired frequency crosses a 
heavy solid ranye line, (example: 24.0 Me crosses 
the 13X22 range line roughly 13 from the left 
end). 
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(c) The range to be used is 13. 

(d) The multiplier to be used is 2. 

(e) Take 14 of the desired frequency. (Exam- 
ple: 24.0/2=12.0 Mc.) 

(f) Set heterodyne frequency meter to 12.0 Me 
on range 13 (which will lie at roughly 14 scale 
from low-frequency end, see (b) above). 

(g) The harmonic used then falls at 12.0X2 
=24.0 Me, the desired frequency. 

(2) To measure a frequency in the harmonic 
range. 

(a) Enter chart with approximate value of 
frequency. (Example: 24.1 Mc.) 

(b) Note where the approximate frequency 
crosses a heavy solid range line. (Example: 24.1 Mc 
crosses the 132 range line roughly 14 from the 
left end.) 

(c) The range to be used is 18. 

(d) The multiplier to be used is 2. 

(e) Take 14 of approximate frequency. (Exam- 
ple: 24.1/2=12.05 Mc.) 

(f) Set heterodyne frequency meter to 12.05 
Me on range 13 (which will lie at roughly 14 scale 
from the low-frequency end, see (b) above). 

(g) Vary heterodyne frequency meter setting 
slightly either way until a beat against the fre- 
quency being measured is heard. Set for zero 


eat. 
(hk) Measure HFM frequency in regular way. 
(Example: 12.063 Mc.) 
(t) Multiply result obtained by 2 to get final 
result. (Example: 12.063 X2= 24.126 Mc.) 


EXAMPLE B 
(1) To find the proper range and multiplier for 
setting up a desired frequency. 

(a) Enter chart with desired frequency, on 
frequency scale at top. (Example: 19.4 Mc.) 

(b) Note where desired frequency crosses a 
heavy solid range line. (Example: 19.4 Mc crosses 
the 12 X 2 range line roughly 34 from the left end.) 

(c) The range to be used is 12. 

(d) The multiplier to be used is 2. 

(e) Take }3 of the desired frequency. (Exam- 
ple: 19.4/2=9.7 Mc.) 

(f) Set heterodyne frequency meter to 9.7 Mc 
on range 12 (which will lie at roughly 34 scale 
from low-frequency end, see (b) above). 

(yg) The harmonic used then falls at 9.72 
=19.4 Mc, the desired frequency. 

(2) To measure a frequency in the harmonic 
range. 

(a) Enter chart with approximate value of 
frequency. (Example: 19.5 Mc.) 

(b) Note where the approximate frequency 
crosses a heavy solid range line. (Example: 19.5 Mc 
crosses the 12X2 range line roughly 34 from the 
left end.) 

(c) The range to be used is 12. 

(d) The multiplier to be used is 2. 

(e) Take }4 of approximate frequency. (Exam- 
ple: 19.5/2=9.75 Mc.) 

(f) Set heterodyne frequency meter to 9.75 Mc 
on range 12 (which will lie at roughly 34 scale 
from the low frequency end, see (b) above). 
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(g) Vary heterodyne frequency meter setting 
slightly either way until a beat against the fre- 
quency being measured is heard. Set for zero 
beat. 

(h) Measure HFM frequency in regular way. 
(Example: 9.752 Mc.) 

(7) Multiply result obtained by 2 to get final 
result. (Example: 9.752 X2=19.504 Mc.) 


3.2377 The chart shows, by the heavy solid 
range lines, the simplest choice of 
uf ranges and multipliers. These ranges are pre- 
ferred for simplest calculations using multipliers 
and would therefore normally be used. Those 
ranges leading to more complicated calculations 
would therefore normally be avoided. These heavy 
lines show that using ranges 12 and 13 with a 
multiplier of 2, a frequency range from 15 to 
30 Mc is obtained (lines 122 and 13X2). Using 
a part of range 12 and all of range 13, with a mul- 
tiplier of 3, a frequency range of 30 to 45 Mc is 
obtained (lines 123 and 13X83). Using a part of 
range 13 and a multiplier of 4, a frequency range 
of +5 to 60 Mc is obtained (line 13X4). 


3.2378 Since there are harmonics present 

in the HFM output other than the 

used harmonic, the ranges and multipliers for 

each are indicated on the chart so that all possible 

zero beat settings are accounted for, in the event 
that one of these other harmonics is used. 


3.2379 For example, 24.0 Mc could be 

set up or measured using range 10 

and multiplier of 5 (line 105) or range 12 and 

multiplier of 3 (line 123), but neither of these 

is as convenient as the use of range 13 and mul- 

tiplier of 2 (line 13X22) previously designated in 

the example, and shown on the chart as the pre- 
ferred choice, by heavy solid line. 


3.24 DeETEcToR aNpD AUDIO AMPLIFIER 
3.241 Detector and R-F Input Circuits 
3.2411 <A diode detector (diode section of 
V-106) is employed principally 
because of its freedom from serious distortion and 


from overloading limitations. Separate circuits 
are provided for the audio-frequency a-c and the 


d-c components of the detector current so that the 
detector may he biased independently of the bias 
of the triode amplifier section of the detector 
tube. The radio-frequency inputs to the detector 
are as follows, for the two positions of the detector 
input switch, S-103: 


Switch Position, S-103 
MATCH 


Detector Inputs 


1. External source, the frequency of which is to 
be measured, introduced at coupling post ‘“‘R-F 
Input”; level controlled at R-F Input Control, 
R-154, via R-F Input Amplifier, V-112. 

2. Harmonic output of HFM oscillator, obtained 
from plate of V-110. 


MEASURE 


1. Calibrator output from V-105, as selected by 
calibrator switch, S-101. 

2. Fundamental frequency of HFM from tuned 
circuit, via C-140 and automatic coupling system, 
C-141 to C-145, and HFM coupling tube, V-113. 


3.2412 With the switch S-103 in the 
MATCH position, beats may be 
obtained between the frequency of the external 
source and the fundamental or harmonics of the 
HFM. Within the direct-reading range, 160 ke 
to 15 Mc, the fundamental or second harmonic 
only would be used. In going to higher frequen- 
cies, using the multiplier chart, harmonics of the 
HFM higher than the second are used. 


3.242 Impedance Transforming Tube and 
First Filter 

3.2421 Since the output impedance of the 

first stage amplifier, V-106, is high, 

for audio and low radio frequencies, it would be 

difficult to build a filter to operate at this imped- 

ance. Consequently, a completely degenerated 

amplifier stage, V-107, is used to transform from 

the high first-stage amplifier impedance to about 

600 ohms. The filter, LC-101, is designed for this 
impedance level. 
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3.2422 The first filter, LC-101, is for the 
purpose of suppressing beat fre- 
quencies higher than, roughly, 5 ke, and for pre- 
venting the 10-ke and 20-ke calibrator frequencies 
from passing directly through the amplifier. Both 
of these conditions must be guarded against if 
spurious or “‘extra”’ beat notes are to be eliminated 
or reduced, and if the beat frequency waveform 
is to be good over the desired working range from 
0 to 5 ke. 
3.243 Audie-Frequency Amplifier 
3.2431 The audio-frequency output of 
the first filter, LC-101, is passed 
through a two-stage resistance-capacitance-cou- 
pled amplifier, V-108, -109, to obtain the required 
audio-frequency output power delivered to the 
telephones. The first stage consists of the sereen- 
grid tube V-108 and the second of the triode V-109. 
The amplifier proper has an essentially flat fre- 
quency-gain characteristic from a few cycles to 
well above the working limit of 5 ke. No appre- 
ciable overloading occurs until the output level 
is many times the required 6 milliwatts into the 
telephones. 


3.244 Secend Filter and Output Circuit 


3.2441 Because of the wide range of input 
voltages applied to the amplifier, 
some distortion might occur within the amplifier 
itself. To avoid the possible resulting change in 
output waveform, which might affect the per- 
formance of the interpolator, and to sharpen still 
further the cut-off of the overall frequency-gain 
characteristic, a second filter, LC-102, is employed, 
preceding the output transformer, T-101. 
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3.2442 The output transformer, T-101, 
steps down from the impedance of 
the output tuke, V-109, roughly 10,000 ohms, to 
the impedance of the telephones, roughly 600 ohms 


at 1 ke. 


3.2443 The voltage developed across the 
telephones will vary with fre- 
quency, even if the frequency-gain characteristic 
of the amplifier to the telephones is flat, because 
the telephone impedance is not constant. For low 
frequencies, the telephone impedance drops to a 
low value and tends to short-circuit the output. 
This is not particularly disadvantageous, as far 
as the telephones are concerned, since the response 
of both the human ear and the telephones falls 
off badly. It is troublesome, however, in operating 
the interpolator, since the input voltage to the 
telephone transformer, T-101, is used to drive it, 
via J-108 and R-163, A small amount of resistance 
at R-144 and R-145 placed in series with the tele- 
phones limits this reduction in voltage to the 
interpolator without noticeably affecting the 
response from the telephones. The TEL VOL- 
UME control, R-184-A, -B, provides for adjust- 
ment of the level of the telephone response, 


3.245) Farmation of Beat Frequencies 


3.2451 Referring to Figure 3.245 (A), 
the formation of beat tones, for 
beats between the heterodyne frequency meter 
and 10-ke harmonies of the calibrator, may be 
understood. Points 1, 2, 3, + along the horizontal 
HFM frequency axis represent four harmonics of 
the calibrator, spaced 10 ke apart. If now the 
heterodyne frequency meter is set to point No. 1, 
zero beat with this calibrator harmonic would 
result. If the frequency of the heterodyne fre- 
quency meter is then raised, that is, the point 
representing the IIFM frequency is moved toward 
the right, a beat tone is heard which increases in 
frequency as the HFM frequency is raised. This 
beat tone is represented by the line 1-A. At the 
same time, a beat is obtained between the HFM 
frequency and that of the next higher calibrator 
harmonic, No. 2. This beat frequency, indicated 
by line P-2, starts at 10 ke when the heterodyne 
frequency meter is in zero beat with harmonic 
No. 1, and deereases to zero when the heterodyne 
reaches zero beat with harmonic No. 2. This 
process repeats as the heterodyne frequency meter 
is advanced, as indicated by lines 2-B, Q-3, 3-C, 
R-4, ete. 


3.2452 Consider now a setting of the 
frequency meter at a frequency 

just above that of calibrator harmonic No. 1, 
as indicated by line ¥-X. It will be seen that two 
beat frequencies are obtained, one where X-X 
crosses the line J-.1, representing the desired or 
“expected” beat frequency ; the second is obtained 
where - crosses line P-2, representing an 
undesired or ‘‘unexpected” beat frequency. If 
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the heterodyne-frequency-meter frequency is in- 
creased somewhat from that. corresponding to 
X-X, the beat 1-4 increases and the beat P-2 
decreases, both becoming 5 ke at the point where 
these lines cross. In a region near this crossing 
point, the effect is that of a 5 ke tone witha strong 
waxing and waning in amplitude, or “‘flutter.”” As 
the frequency of the heterodyne frequency meter 
is raised still further, to a point corresponding to 
V’-}’, two beat frequencies are again obtained. 


3.2453 Since it is necessary to measure 
the IIFM frequency at any point 
between two calibrator harmonics, it is evident 
from the diagram that beat frequencies up to at 
least 5 ke must be available, but also that beat 
frequencies from 5 to 10 ke are not necessary. 
The range over which undesired beats are obtained 
may be greatly reduced by giving the audio 
amplifier system a sharp cut-off characteristic at 
a frequency just slightly above 5 ke as shown by 
the horizontal line, marked CUT-OFF of AF 
AMPLIFIER, in Figure 3.245 (-1). 


3.2454 With an amplifier having sucha 
cut-off characteristic, the condi- 
tions are as shown in Figure 3.245 (8). Here no 
beat frequencies above the cut-off frequency of 
the amplifier will be heard. The region in which 
two beat frequencies are heard has been reduced 
from the whole 10-ke interval, from one calibrator 
harmonic to the next, to a small region midway 
between two harmonics, as indicated by the dotted 
circles, 14, B,C. 


3.2455 To obtain proper operation of the 
interpolator, this small region 
must be eliminated. Because of limitations in 
the performance of filters, it is not feasible to make 
the amplifier cut-off exactly 5 ke. A simple change 
in calibrator frequency from 10 ke to 20 ke pro- 
duces the desired result, as indicated in Figure 
3.245 (C). A single beat frequeney is obtained 
from harmonic No. 1, up to the cut-off of the 
amplifier, as shown by the line 1-1. Similarly for 


oo 
ONE CALIBRATOR NEXT HIGHER 
HARMONIC CA WBRAT R HARMONIC 
wn net 
s action ata im t- a 
i eee saseoes yen 
a Be. smniene anne a. wma _- ee 
rr ve tyr 
Ow 4 
7 i 
pee | 
fe eer meer ae etre san We 
23 e us i ays set 
Ea H : t 
8 ' ' 1 
8 ' i i 
fe Cee RSOMENETDY Ne SPeew nT Oe GaNEaS: Save” Sn oo | 
ee at aye { 3t« “aur 
a8 i fl i 
22 1 H ! 
24 i : i 
G5 4 ee Low ey oad aero ai 
lo 1 ' 4/9 1 Yd : «yo syst 
' i \ 
1 1 
* ee ey Comte At 
jo ve v6 rm ais ae aet 
bbe———--—- FREQUENCY INTERVAL f EQUAL TO 
FUNDAMENTAL FREQUENCY OF CALIBRATOR 


FIGURE 3.246. Diagram ILiustraTING THE 
ForMATION OF EXTRANEOUS Beat FREQUENCIES 


12 


the lines 8-2 and 2-C. By this expedient, proper 
operation of the interpolator may be obtained 
throughout the range fram one 10-ke calibrator 
harmonic to the next, if, when the beat frequency 
is very near 5 ke the calibrator be shifted from 
10 ke to 20 ke. (This condition is marked by 
BLUE zones on the interpolator meter, M-101, 
with instructions to change calibrator from 10 ke 
to 20 ke.) CAUTION: Care should be taken to 
return CALIBRATOR switch, S-101, to 10 ke 
position, in accordance with operating instruc- 
tions, when commencing another measurement. 


3.246 Formation of Extraneous Beat 
Frequencies 
3.2461 The following brief discussion of 
the formation of extraneous beats 
is given so that such beats may be identified, At 
times an understanding of these beats is very 
useful, since the extraneous beats provide addi- 
tional calibration points for the heterodyne 
frequency meter. 
3.2462 The pattern of the extraneous 
beats is the same no matter what 
frequency is used for the calibrator. Once this 
grouping is visualized, and bearing in mind that 
the heterodyne frequency meter calibration is 
essentially linear, it is very easy to identify any 
extraneous beat which may be heard. 
3.2463 Consider the interval on the scale 
of the heterodyne frequency meter 
from one harmonic, n, of the calibrator to the 
next harmonic, n+1, above. See Figure 3.246. 
This interval is equal to the fundamental fre- 
quency f, of the calibrator. 


3.2464 In line J, the zero beat points, for 

beats between the fundamental 

(harmonic No. 1) of the heterodyne frequency 

meter and the calibrator harmonics are shown. 

If we call the lower point zero, the frequency 

interval on the heterodyne frequency meter scale 

to the next poiut will be f kilocycles, as shown at 
the top of the figure. 


3.2465 In line 2, the zero beat points, for 

beats between the second har- 

monic of the heterodyne frequency meter and 
higher harmonics of the calibrator are shown. 
The lowest frequency point, marked zero, occurs 
when the second harmonic of the heterodyne 
frequency metcr, 2”, beats zero with twice the 
original calibrator harmonic frequency, or 27. 
The highest frequency point, marked f, occurs 
when the second harmonic of the heterodyne 
frequency meter, 2(m+1), beats zero with 
twice the original calibrator harmonic frequency, 
2(n+1). It will be seen that the interval cov- 
ered by the second harmonic is twice what it was 
on the fundamental, that is, from 2n to 2(n+1), 
or two harmonies. Consequently, if the hetero- 
dyne frequency meter is set half-way between the 
two original zero beat settings, another zero beat 
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setting is found, where the second harmonic of 
the heterodyne frequency meter beats zero with 
the (Qn+1) harmonic of the calibrator, lying half- 
way between the harmonics 2n and 2(n+1). This 
point is shown at f/2. 


3.2466 The net result may be very simply 
summed up by noting that the 
interval between one calibrator harmonic and the 
next is divided into two parts by the second har- 
monic of the heterodyne frequency meter; into 
three parts by the third harmonic; into four parts 
by the fourth harmonic and so on. 


3.2467 Suppose the calibrator frequency 
f is 100 ke. The second harmonic 
of the heterodyne frequency meter will then give 
a zero beat point at f/2 or 100/2=50 ke above the 
lower calibrator harmonic marking the 100-ke 
interval f. The third harmonic will give zero beat 
points at f/3 or 100/3=33.33 ke and at 2f/3 or 
66.67 ke above the lower harmonic marking the 
100-ke interval f and so on. Similarly, if the 
calibrator frequency f is 20 ke, the second har- 
monic point will be 10 ke, the third harmonic 
points will be 6.67 and 13.33 ke, and so on, above 
the lower-harmonic marking the 20-kce interval, f. 
For a calibrator frequency, f, of 10 ke, the inter- 
vals will be one-tenth those given above for the 
frequency of 100 ke. 


3.2468 Since the heterodyne frequency 
meter calibration is essentially 

linear, the dial divisions corresponding to the 
various zero beat points will lie in the same pro- 
portions of the scale interval between calibrator 
points as the frequency intervals. Thus, if a zero 


beat point is found half-way between two cali- 
brator settings, it is the second harmonic point. 
The frequency is accurately known, so this half- 
way sctting becomes another calibrator point, 

3.2469 For cxample, suppose the cali- 

brator frequency is 100 ke and the 
dial divisions difference between two calibrator 
harmonics is 12@ divisions. Then the second har- 
monic point will lie approximately 60 divisions 
above the lower calibrator point, giving a calibra- 
tion point 50 ke above the lower calibrator har- 
monic frequency. The fourth harmonic points will 
lie approximately 120/4=380 divisions apart, giving 
calibration points respectively 25, 50 and 75 ke 
above the lower calibrator harmonic frequency. 
3.25 INTERPOLATOR 
3.251 Input Amplifier 
3.2511 The input amplifier, V-114, is 
partially degenerative, to improve 

the frequency-gain characteristic and to reduce 
the tendency to overload at high signal levels. 
Since relatively high signal voltages are applied to 
the input, a series resistance, R-163, is used to 
prevent the input impedance from dropping to 
very low values. A certain minimum voltage is 
required to trip the gas-triodes, V-115, V-116. 
On increasing the input voltage above this value, 
the tripping-voltage waveforms become more 
sharply squared. For further increases but little 
change in waveform or in amplitude take place. 
The increase in input voltage does not affect the 
performance of the interpolator. As used in the 
equipment, the input voltage is normally several 
times the threshold value of approximately three 
volts, ranging from 15 to 30 volts. 
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3.252 Electronic Frequency Meter 


3.2521 The electronic frequency meter 
consists of the gas-triodes V-115, 
-116, and associated resistors and capacitors, the 
switching tube V-117 (full-wave rectifier type) 
and the indicating meter, M-101. The combina- 
tion indicates on meter M-101 the frequency of an 
alternating voltage applied to the gas-triode 
grids, over a frequency range from 0 to 5 ke and 
tndependent of the amplitude of this voltage pro- 
vided only that this voltage is appreciably greater 
than the threshold voltage required to ignite the 
gas-triodes, 


3.2522 Tubes of the gas-triode type pos- 
sess the property of remaining 
practically non-conducting while the grid voltage 
is less than a certain critical value. When the grid 
voltage is above the critical value the tubes 
become conductive, and the current through the 
tubes is practically independent of subsequent 
values of the control, or grid, voltage. In other 
words, the gas-discharge cannot be established 
until the grid voltage has been raised above a 
certain critical value; once established, the gas- 
discharge cannot be extinguished by varying the 
grid voltage. If the plate voltage is momentarily 
removed, or dropped to a very low value, the gas- 
discharge is broken and the tube is rendered non- 
conducting if the grid voltage is, at the same time, 
held below the critical value. 
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3.2523 The grids of the gas-discharge 
tubes V-115, -116, are connected 
to the secondary of transformer T-102 in push- 
pull. At any instant, one grid will be driven in the 
positive direction, the other in the negative 
direction from the normal by the alternating 
audio-frequency voltage supplied from the input 
amplifier V-114. Thus at the time that the grid 
of one of the gas-triodes is driven sufficiently 
positive to ignite the gas-discharge, the grid of 
the other tube is held negative, and no gas- 
discharge through it is possible. 


3.2524 @n starting of the gas-discharge 
in one tube, the voltage, to ground, 
of its cathode is raised abruptly to a value equal 
to that of the plate supply voltage (drop across 
V-118) less the drop in the gas-discharge between 
plate and cathode of the gas-triode. Similar con- 
siderations apply to the second gas-triode. The 
cathode resistors R-171, R-181, serve to limit the 
plate current. The resistors R-168, -169, serve to 
prevent excessive grid-current in the gas-triodes 
V-115, -116. They also reduce the load on the 
transformer T-102. 


3.2525 When the cathode voltage is 
abruptly raised, the metering ca- 

pacitor, C-154 or -156, connected to the cathode is 
charged to the cathode voltage to ground. In so 
doing, a current pulse passes through the meter- 
ing resistance, R-170 or R-180, momentarily 
raising the corresponding plate of V-117 to a posi- 
tive voltage. A current pulse thus passes through 
V-117, R-173 and M-101. When the gas dis- 
charge is transferred to the other tube, the meter- 
ing capacitor discharges, but the corresponding 
plate of V-117 is then driven negative, so no cur- 
Aa pulse passes through this tube or through 

-101. 


3.2526 When the discharge starts in the 

idle tube (V-115 or V-116), its 

cathode voltage is abruptly raised. The switching 
capacitor, C-155, was originally charged to the 
cathode voltage of the working tube. The imme- 
diate effect of the rise in cathode voltage in the 
tube which has just been ignited is to increase 
the cathode voltage of the working tube by the 
amount of this cathode voltage rise. The net rise 
in cathode voltage of the working tube will be 
much greater than the supply voltage of the work- 
ing tube (drop across V-118). The plate-cathode 
voltage of the working tube is thus not only 
dropped to a low value, it is actually reversed, 
which extinguishes the gas-discharge in this tube. 


3.2527 While this cathode voltage rise 

takes place, the grid voltage of 

the working tube was, and remains, less than the 
critical voltage, so that when the gas discharge is 
extinguished, the grid of this tube can regain 
control. The grid voltage, being below the critical 
value, prevents the gas-discharge from igniting 
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when the plate-cathode voltage returns to normal, 
which occurs when the switching capacitor, C-155, 
becomes fully charged. 


3.2528 The operation detailed above may 
be summarized by saying that for 
each alternation of the input voltage, the gas- 
discharge in the gas-triodes V-115 or V-116 ts 
sutiched from one tube to the other. At each transi- 
tion of the discharge from one tube to the other, a 
single positive current pulse is sent through the 
meter M-101. Each time the gas-discharge starts 
in the non-conducting tube, the establishment of 
plate current interrupts the gas-discharge in the 
other tube, which thereafter remains non-con- 
ducting until its grid voltage is again raised above 
the critical value (by the input voltage). 


3.2529 As stated above, for each transi- 
tion of the gas-discharge from one 
gas-triode to the other, a single current pulse is 
sent through the meter M-101. This pulse, 
within wide limits, is unaffected by the .time 
between the transfers of the gas-discharge from 
one tube to the other, and is also independent of 
the duration of the discharge in the individual gas-: 
triodes. The average current, through the meter 
M-101 (which is what the meter indicates), is 
therefore proportional to the number of pulses per 
second, that is, to the frequency of the input signal 
voltage. 


3.25210 The average current through 
meter M-101 is thus seen to be 
inherently proportional to frequency; a standard 
d-c current meter, with linear scale, is conse- 
quently used. By adjustment of R-173 the output 
current is regulated to fit the scale of the meter 
M 101, the scale of which is consequently marked 
directly in frequency. 


3.25211 The average current is strictly 
proportional to frequency only 
if the successive current pulses are alike. In this 
equipment, these pulses will be alike provided 
the supply voltage is constant (which is the reason 
for the elaborate regulation in V 118, -119, -120), 
the values of the metering resistors and capacitors 
are constant and the voltage drops in the gas- 
discharge tubes are independent of grid voltage. 
All of these conditions are closely realized in 
practice. 


3.25212 If, in warming up, or due to a 
sudden transient caused by 

switching, both gas-triodes V-115 and V-116 
become conducting, then neither tube can regain 
control regardless of the applied grid voltage. 
This condition is indicated by the reading of the 
interpolator meter, M-101, falling to zero (on 
lower scale) or reading 5.0 ke (on upper scale) 
even though a normal beat frequency is heard in 
the telephones. If the plate supply voltage is 
momentarily removed, by pressing the DEJON- 


IZING button, 5-105, both gas-triodes are extin- 
guished. When the button is released, and plate 
voltage is again applied to the tubes, normal grid 
control is again obtained. 


3.253 Scales; Scale Test and Scale Selector 
3.2531 


As is pointed out in more detail in 
Section 3.245 the beat frequen- 
cies to be indicated by the interpolator vary from 
0 to 5 ke, or from 5 ke to 0, as the heterodyne 
frequency meter is changed continuously in one 
direction. It would be possible to use a single 
scale, 0 to 5 ke, if the frequency measurements 
could be obtained by addition or subtraction. 
Since the results are to be obtained by addition 
only, a special scale must be provided and marked 
5 to 10 ke. This scale reads right-handed in the 
normal way, to avoid errors in estimating readings, 
but the pointer is moved to the right by a fre- 
quency which varies from 5 ke down to 0. This 
scale is provided by reversing the meter M-101 
with the INTERPOLATOR SCALE SELECTOR 
switch S-104 and introducing an opposing current 
(adjusted at R-176) equal to normal full-scale 
current. The pointer of the meter then moves 
toward the rig/t when the beat frequency decreases, 
over a scale (upper) marked 5 to 10 ke. 


3.2532 Referring to Section 3.245 on the 
formation of beat notes, and Fig- 
ure 3.245, it is seen that the interpolator must 
indicate from 0 to slightly over 5 ke on one scale, 
while the beat frequency varies from 0 to slightly 
over 5 ke along line 1-A, Figure 3.245 (B) and 
must indicate from slightly below 5 ke to 10 ke 
on the other scale, while the beat frequency varies 
from slightly above 5 ke down to zero, along line 
A-2, Figure 3.245 (B). The regions enclosed in 
the dotted circles of Figure 3.245 (3B), where two 
beat frequencies may be present, are indicated 
on the interpolator meter M-101 by blue zones on 
the meter scale. When the reading comes in 
these blue zones, change the calibrator frequency 
from 10 ke to 20 ke. 


3.2533 In Figure 3.252 (4) the essentials 
of Figure 3.245 (8) are repeated, showing the 
beat between the HFM and the 10-ke calibrator 
harmonics as it varies from zero to 5 ke (against 
calibrator harmonic No. 1) and from 5 ke back to 
zero (against calibrator harmonic No. 2). 


3.2534 The readings of the interpolator 
meter, M-101, with respect to the 
beat frequencies in (4) are indicated in Figure 
3.252 (B) for the LOWER scale (selected by 
INTERPOLATOR SCALE SELECTOR switch, 
S-104). The connection between the blue zone 
and the double heat section in Figure 3.252 (A) is 


indicated by the dotted lines. 


3.2535 The readings of the interpolator 
meter, M-101, with respect to the 


beat frequencies in (.f) are indicated in Figure 
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3.252 (C) for the UPPER scale (selected by the 
INTERPOLATOR SCALE SELECTOR switch, 
$-104). The connection between the blue zone 
and the double beat section in Figure 3.252 (4) is 
indicated by the dotted lines. 


3.2536 When using the equipment, with 
a beat frequency difference exist- 
ing between the heterodyne frequency meter 
and the calibrator (as heard in the telephones), 
it is necessary to determine which scale of the 
interpolator should be used (upper or lower). 
This is done by use of the INTERPOLATOR 
SCALE TEST, C-163, which introduces a 
smoothly controllable reduction in the frequency 
of the heterodyne frequency meter without the 
necessity of changing the position of the main 
frequency control C-135-A, -B. See paragraph 
3.235. 
3.2537, With the INTERPOLATOR 
SCALE SELECTOR switch, S- 
104, in the LOWER position, and reading the 
LOWER scale of the INTERPOLATOR meter, 
M-101, it is evident that, if the frequency of 
the heterodyne frequency meter is above the cali- 
brator harmonic, reducing the heteredyne fre- 
quency meter frequency will reduce the beat 
frequency difference, and the needle of M-101 
will move down-scale to a lower reading. This 
signifies that the LOWER scale should be used. 


3.2538 With the INTERPOLATOR 
SCALE SELECTOR switch, S- 
104, in the LOWER position, and reading the 
LOWER scale of the INTERPOLATOR meter, 
M-101, it is evident that, if the frequency of the 
heterodyne frequency meter is below the calibrator 
harmonic, reducing the heterodyne frequency 
meter frequency will increase the beat frequency 
difference, and the needle of M-101 will move up- 
scale to a higher reading. This signifies that the 
UPPER scale should be used, so the INTER- 
POLATOR SCALE SELECTOR switch, S-104, 
should be thrown to the UPPER position and the 
reading taken on the upper scale. 
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3.2539 (CAUTION: Do not advance the 
INTERPOLATOR SCALE- 
TEST control, (-163, too rapidly, and be sure to 
use the initial indication of pointer on INTER- 
POLATOR meter, M-101. A too rapid motion of, 
or too great an angular displacement of, the 
INTERPOLATOR SCALE-TEST control, C- 
163, may result in a reversal in the direction of 
motion of the pointer-of the INTERPOLATOR 
meter, M-101. 


3.26 Power SuPPLY 
3.261 110-115-120 Volt 60-Cycle Supply 


3.2611. The power supply is from a 110- 
115-120 volt, 60-cycle, a-c line. 
The fuse F-101 should be inserted in the clips 
corresponding to the average line voltage. The 
power supply consists of the power transformer 
T-103, rectifier V-121 and a smoothing filter 
(L-108, -109, -110 and C-160, -157, -158, -159). 
In the filter, one output is obtained at the junction 
of L-108, -109 for operation of the interpolator 
only. The normal output is obtained at C-159 
for all other circuits. Filament supply and heater 
power for the crystal temperature control R-101 
are obtained from a 6.3-volt winding on the power 
transformer T-103. 


3.262 Power Switch 


3.2621 The power switch S-106 has three 

positions: OFF, STAND BY and 

ON. In the OFF position no power is drawn from 

the supply. The other positions operate as 
follows: 


3.2622 The STAND BY position ener- 
gizes the primary of T-103 and 
power is delivered to the heterodyne oscillator 
tube V-110 filament, the crystal oscillator tube 
V-101 filament, and crystal temperature control 
R-101. The rectifier filament, V-121, circuit is 
energized, but the plate center tap connection is 
open so that no plate’supply-power is taken. The 
ON position energizes all tube-heaters from the 
6.3-volt winding. At the same time the plate 
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center tap connection is made, so normal plate 
voltage is obtained. 


3.263 Voltage Regulator 


3.2631 The voltage regulator, for the 

plate supply voltage to the inter- 

polator, consists of the regulator tubes V-118, 
-119, -120 with the resistors R-178, -179. 


3.2632 The glow tube regulators have 
the property of a low dynamic 
resistance (that is, resistance offered to changing 
voltages) while having a high static resistance. 
Over the current range of the tubes the dynamic 
resistance is approximately 150 ohms. If a tube 
is connected in series with 1500 ohms to the plate 
supply, the changes in voltage of the power sup- 
ply would be reduced by roughly 10 to 1 across 
the tube. Other things being equal, the higher 
the supply voltage and the greater the resistance 
in series with the tube, the smaller will be the 
voltage variations across the tube. 


3.2633 Such voltage regulators may be 

cascaded, which is done here, 

with the tubes V-119, -120 and resistor R-139 

forming the first stage; R-178 and V-118 form the 
second stage. 


3.264 The adjustable center-tap resistor, 
R-183, is provided as a ‘“hum- 
control” for minimizing the hum heard in the 
telephones. It is advisable to check the setting 
for minimum hum, occasionally, as the tubes 
age, or, upon changing any tubes in the equip- 
ment. This is easily done by drawing equipment 
forward on slides, attaching servicing cable, and 
operating in the ON condition for at least 10 
minutes. Then set R-183, located on center of 
left main frame, for minimum hum in the tele- 
phones. This test is most easily made by throwing 
the DETECTOR INPUT switch, S-103, to 
MATCH and turning the R. F. INPUT control, 
R-154, back to zero. 


SECTION 4. OPERATING INSTRUCTIONS 


4.1 GENERAL 


4.11 It is assumed that a general idea of 
the operation of the circuits has been 
obtained from Section 3, PRINCIPLES OF 
OPERATION. This section deals only with 
SPECIFIC OPERATING INSTRUCTIONS, 
which are purposely made just as concise as pos- 
sible. These operating instructions cover the 
following: 
4.2 Placing Equipment in Operation 
4.21 STAND BY operation | 
4.22 Full operation 
Checking Heterodyne Frequency Meter 
Against Calibrator 
4.31 Full Checking Procedure 
4,32 Short Checking Procedure 
Setting Up or Measuring a Frequency, 
QUICK METHOD 
4.41 To Set Up a Frequency, QUICK 
METHOD 
4.42 To Measure a Frequency, QUICK 
METHOD 
Setting Up or Measuring a Frequency, 
EXACT METHOD 
4.51 To Set Up a Frequency, EXACT 
METHOD 
4.52 To Measure a Frequency, EXACT 
METHOD 
Checking and Adjusting CalibratorAgainst 
Standard-Frequency Transmissions; Use 
of Calibrator Output in External Circuits 
4.61 Crystal and  Standard-Frequency 
Comparisons 
4.62 Checking Calibrator 
4.63 Adjusting Calibrator 


4.3 


4. 


NS 


4.5 
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4.64 Using Calibrator Output in External 
Circuits 
4,7 Use of Interpolator on Audio Frequencies 
from an External Source 
4.8 Use of Equipment as a Source of Known 
Audio Frequencies 
4.9 Operation if Part of Equipment is Faulty 
4.91 General 
4.92 Calibrator Partially or Wholly Faulty 
4,93 Heterodyne Frequency Meter Par- 
tially Faulty 
4.94 Interpolator Partially or 
Faulty 
4.95 Detector and Audio Amplifier Par- 
tially or Wholly Faulty 
4.96 Interpolation by Scale of Equal Parts 


4.2 TO PLACE EQUIPMENT IN OPERAT- 
ING CONDITION 


4.21 Sranp By Operation 


4.211 Turn POWER switch, S-106, to 
STAND BY position at least 30 
minutes before exacting use is to be made of the 
equipment. The POWER and CRYS. HEAT 
pilot lights, I-101, -102, should light. In some 
cases, if such time is not available, it will be satis- 
factory to use the equipment before 30 minutes 
on STAND BY has elapsed. The error of the cali- 
brator, due to the crystal temperature not having 
reached its final value, is small since the tempera- 
ture coefficient of frequency of the crystal is low. 
At normal room temperatures the crystal heat is 
on approximately 35 seconds and off 60 seconds, 
after the STAND BY period of 30 minutes. 


Wholly 
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4.22 Fut OPERATION 
4.221 To place equipment in full operation, 
turn POWER switch, S-106, to ON 
position. Wait five minutes for tubes to reach 
full operating temperature. 
4.222 When the POWER switch, S-106, 
is turned to the ON position, the 
HEM plate current meter, M-103, should read. 
If the RANGE SELECTOR switch, S-102, is set 
on a ‘‘dead”’ point, or, if for any other reason the 
HFM Oscillator does not oscillate, the meter will 
indicate approximately 2.6 ma. If the RANGE 
SELECTOR switch, S-102, is on a working point 
and the HFM Oscillator is oscillating, the meter, 
M-103, should indicate approximately 1.5 ma. 


4.223 When the POWER switch, S-106, is 
turned to the ON position, and the 
CALIBRATOR switch, S-101, is turned to an 
operating position, the CRYSTAL OSC. plate 
current meter should read approximately 1.5 ma. 
If the crystal does not oscillate, the meter should 
read approximately 2.4 ma. When power is first 
applied, the multivibrator and amplifier tubes 
of the calibrator are cold, so that about one- 
half minute is required for the meter to give its 
proper indication. 


4.3 TEST OF INTERPOLATOR SCALE 
ALIGNMENT; CHECK OF HETERO- 
DYNE FREQUENCY METER (HFM) 
AGAINST CALIBRATOR 


4.31 Fut Cureckine PRocEDURE 
4.311 A quick test of the INTERPOLATOR 


scale alignment can be made as follows: 


(1) Turn HFM RANGE SELECTOR 
switch, S-102, to highest frequency range. 

(2) Turn CALIBRATOR switch, S-101, to 
10-ke position. 

(3) Throw DETECTOR INPUT switch, S- 
103, to MEASURE position. 

(4) Throw INTERPOLATOR SCALE- 
SELECT switch, S-104, to LOWER position. 

(5) Turn HFM FREQUENCY control, 
C-135-A, -B, rapidly. The INTERPOLATOR 
meter, M-101, should read 2.5 ke+0.05 ke on 
LOWER BLACK scale, while the frequency con- 
trol is being turned rapidly. 

(6) Repeat (5) with INTERPOLATOR 
SCALE-SELECT switch, S-104, in UPPER rosi- 
tion; the INTERPOLATOR meter, M-1, should 


read 2.5 kec+0.05 ke on LOWER BLACK scale,-—~ 


while the frequency control is being turned rapidly. 
(7) For accurate alignment tests and adjust- 
ments for the INTERPOLATOR, see paragraph 
5.526, page 29. 
4.312 Full Checking Procedure, for Checking 
a Heterodyne Frequency Meter Against 
Calibrator 
(1) Throw DETECTOR INPUT switch, S- 
103, to MEASURE position. 


(2) Select range desired on HFM RANGE 
SELECTOR switch, S-102. 

(3) Turn HFM FREQUENCY control, C- 
135-A, -B, to nearest calibrator harmonic to the 
required frequency (100 ke, or 0.1 Mc, multiples 
on BLACK or 200 ke, or 0.2 Me, multiples on 
RED scales), setting HFM FREQUENCY dial 
N-103 carefully to index line at this frequency. 

NOTE: On the BLACK scales of the direct-reading fre- 
quency dial, N-108, the calibrator harmonics of 10, 20 and 
100 ke fall at multiples of 10, 20 and 100 ke. On the RED 
scales, the calibrator harmonics of 10, 20 and 100 kc fall at 
multiples of 20, 40 and 200 ke. On BOTH scales the long dial 
markings indicate actual calibrator harmonics, which are multi- 
ples of 10 or 20 ke. Long markings, with a cross-bar at the 
top, underlining the number giving the frequency at that 
mark, indicate actual calibrator harmonics at multiples of 100 
or 200 ke. On any of the scales, very short marks indicate 
intermediate frequency intervals which are multiple! of 5, 10 
or 50 ke (all of which can be checked from the calibrator, but 
which are not principal zero beat points) which are of assistance 
in estimating frequencies lying between calibrator harmonics. 


(4) Throw CALIBRATOR switch, S-101, to 
100-ke position. 

(5) If a beat tone is then heard in the tele- 
phones, plugged in at the TEL jacks,‘ J-101 or 
J-102, reduce this beat to zero by carefully setting 
COMPENSATOR, C-135-C, making the HFM 
FREQUENCY dial reading agree with. the 
calibrator. 

(6) Throw CALIBRATOR switch, S-101, to 
20 ke or to 10 ke position. 

(7) Turn HFM FREQUENCY control, C- 
135-A, -B, to nearest (20 or 10 ke, or 0.02 or 0.01 
Mc, multiples on BLACK or 40 or 20 ke, or 0.04 
or 0.02 Me, multiples on RED scale) calibrator 
harmonic, to the required frequency, setting the 
HFM FREQUENCY dial, N-103, carefully to 
index line at this frequency. 

(8) If a beat tone is heard in the telephones, 
plugged in at the TEL jacks, J-101 or J-102, or 
connected to the REMOTE telephone circuit, 
reduce this beat to zero by carefully setting 
COMPENSATOR, C-135-C, making the HFM 
FREQUENCY dial reading agree with the cali- 
brator. 


NOTE: The above gives the full procedure for checking the 
heterodyne frequency meter against the calibrator, to make 
the direct reading dial agree exactly with the calibrator at a 
frequency not over 10 kc away from any desired frequency, 
and taking all precautions to avoid any possible error or am- 
biguity. Where the instrument is known to be in good order, 
this full procedure is not necessary, and the following short 
checking procedure will serve. 


4.32 Snort CHECKING PROCEDURE 
(1) Throw DETECTOR INPUT switch, S- 
103, to MEASURE position. 

(2) Select range desired on HFM RANGE 
SELECTOR switch, S-102. 

(3) Turn HFM FREQUENCY CONTROL, 
C-135-A, -B, to nearest calibrator harmonic, to 
the required frequency (20 kc, or 0.02 Me, on 
BLACK, or 40 ke, or 0.04 Me, on RED scale), 
setting the HFM FREQUENCY dial, N-103, 
carefully to index line at this frequency. 
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(4) Throw CALIBRATOR switch, S-101, to 
20-kc position. 

(5) If a beat tone is then heard in the tele- 
phones, plugged'in at TEL jacks, J-101 or J-102, 
reduce this beat to zero by carefully setting COM- 
PENSATOR, C-135-C, making the HFM FRE- 
QUENCY dial N-103 agree with the calibrator. 


4.4 TO SET UP OR MEASURE A FRE- 
QUENCY — QUICK METHOD 


4.41 To Ser Ur a Desirep FREQUENCY BY 
THE Quick METHOD FoR APPROXIMATE 
RESULTS 


4.411 Frequency Between 160 ke and 15 Mc 

(1) Check heterodyne frequency meter cali- 

bration against CALIBRATOR, as given in 
Section 4.3, at a setting near desired frequency. 

NOTE: If the calibration of the HFM FREQUENCY 


dial, N-108, has been checked very recently near the desired 
frequency, step (1) may be omitted. If there is any question, 
however, ALWAYS CHECK THE CALIBRATION, 


(2) Set HFM FREQUENCY dial, N-103, to 
desired frequency. 

(3) The desired frequency is then available at 
the R. F. OUTPUT terminal on panel. 

(4) Beats between this desired frequency and 
the frequency of an external source (connected to 
the R. F. INPUT terminal, E-102) are obtained 
by throwing the DETECTOR INPUT switch, 
5-103, to the MATCH position. The level of the 
voltage introduced at the R. F. INPUT terminal, 
E-102, can be adjusted by the R. F. INPUT con- 
trol, R-154. 

The ACCURACY of the RESULT obtained 
above is limited by (1) the accuracy with which 
the reading of the HFM FREQUENCY dial, 
N-103, has been made to agree with the CALI- 
BRATOR, and (2) the accuracy with which the 
desired frequency can be read from the HFM 
FREQUENCY dial, N-103. This method is use- 
ful for a quick set-up of a desired frequency, as 


in preliminary adjustments of transmitters or 


receivers, 


4.412 Frequency between 15 and 80 Mc 

(1) Take one-half of the desired frequency. 

(2) Select range 12 or 13 on HFM RANGE 
SELECTOR switch, S-102, as required for (1). 
See lines 12X2 and 13X2, heavy sections, on 
MULTIPLIER chart, N-106. 

(3) Proceed as given in paragraph 4.411 above, 
setting one-half the desired frequency in 4.411 (2). 


4.413 Frequency between 30 and 45 Mc 

(1) Take one-third of the desired frequency. 

(2) Select range 12 or 13 on HFM RANGE 
SELECTOR switch, S-102, as required for (1). 
See lines 123 and 13X3, heavy sections, on 
MULTIPLIER chart, N-106. 

(3) Proceed as given in 4.411 above, setting 
one-third the desired frequency in 4.411 (2). 

4.414 Frequency between 45 and 60 Mc 

(1) Take one-quarter of the desired frequency. 


(2) Select range 13 on HFM RANGE SELEC- 
TOR switch, S-102, as required for (1). See line 
134, heavy section, on MULTIPLIER chart, 
N-106. 

(3) Proceed as given in 4.411 above, setting 
one-fourth the desired frequency in 4.411(2). 

4.42 To Measure A FREQUENCY BY THE QUICK 
METHOD ror APPROXIMATE RESULTS 


4.421 Frequency between 160 ke and 15 Mc 

(1) Check heterodyne frequency meter cali- 
bration against CALIBRATOR, as given in Sec- 
tion 4.3, at a setting near the frequency to be 
measured. 

NOTE: If the calibration of the HFM FREQUENCY 
dial, N-108, has been checked very recently near the fre- 
quency to be measured, step (1) may be omitted. If there 
is any question, hewever, ALWAYS CHECK THE CALI- 
BRATION. 

(2) Set HFM FREQUENCY dial, N-103, to 
estimated value of frequency to be measured. 

(3) Throw DETECTOR INPUT switch, S- 
103, to MATCH position. 

(4) Vary HFM FREQUENCY control, C-135- 
A, -B, to obtain zero beat, against the frequency 
to be measured (introduced at R. F. INPUT ter- 
minal, E-102; level controlled at R; F. INPUT 
control, R-154). 

(5) Read value of frequency from HFM FRE- 
QUENCY dial, N-103. 

The accuracy of the result is limited by the 
same factors as those given under paragraph 
4.411. 

4.422 Frequency between 15 and 80 Mc 

(1) Take one-half of the estimated value of the 
frequency to be measured. 

(2) Select range 12 or 138 on HFM RANGE 
SELECTOR switch, S-102, as required for (1). 
See lines 12X2 and 13X2, heavy sections, on 
MULTIPLIER chart, N-106. 

(3) Proceed as given in paragraph 4.421 above, 
setting at one-half the estimated value of the 
frequency for zero beat, in 4.421(2). 

(4) Multiply reading obtained from HFM 
FREQUENCY dial, N-103, by 2, to obtain value 
of frequency being measured. 

4.423 Frequency between 30 and 45 Mc 

(1) Take one-third of estimated value of the 
frequency to be measured. 

(2) Select range 12 or 18 on HFM RANGE 
SELECTOR switch, S-102, as required for (1). 
See lines 123 and 13X38, heavy sections, on 
MULTIPLIER chart, N-106. 

(3) Proceed as given in paragraph 4.421 above, 
setting at one-third the estimated value of the 
frequency for zero beat in 4.421(2), 

(4) Multiply reading obtained from HFM 
FREQUENCY dial, N-103, by 3 to obtain value 
of frequency being measured. 

4.424 Frequency between 45 and 60 Mc 

(1) Take one-quarter of estimated value of 
frequency to be measured. 
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(2) Select range 13 on HFM RANGE SELEC- 
TOR switch, S-102, as required for (1). See line 
134, heavy section, on MULTIPLIER chart, 
N-106. 

(3) Proceed as given in paragraph 4.421 above, 
setting al one-quarter the estimated value of the 
frequency for zero beat in +421(2). 

(4) Multiply reading obtained from HFM 
FREQUENCY dial, N-103, by 4 to obtain value 
of frequency being measured. 

45 TO SET UP OR MEASURE A_ FRE- 
QUENCY — ACCURATE METHOD 
4.51 To Smet ce A DeEsrrEpD FREQUENCY BY 
THE ACCURATE METHOD 


4.511 Frequencies from 160 ke to 15 Me 

(1) Cheek heterodyne frequency meter cali- 
bration against CALIBRATOR, as given in 
Section 4.3, at a setting near desired frequency. 

NOTE: If the calibration of the HFM FREQUENCY 
dial, N-103, has been checked very recently near the desired 


frequency, Step (1) may be omitted, If there is any question, 
however, ALWAYS CHECK THE CALIBRATION. 


(2) Set HFM FREQUENCY dial, N-103, to 
desired frequency. 

Al this point, the heterodyne frequency meter is 
set to the desired frequency by the QUICK method. 
The following steps are concerned with setting 
ACCURATELY to this desired frequency. 

(3) Determine the amount that the desired 
frequency is above the frequency of the calibrator 
point next below it. For BLACK scales on the 
HFM FREQUENCY dial, N-103, this FRE- 
QUENCY DIFFERENCE will be from 0 to 10 ke, 
for RED scales on the HFM FREQUENCY dial, 
N-103, this FREQUENCY DIFFERENCE will 
be from 0 to 20 ke. 

(4) Throw the INTERPOLATOR SCALE 
SELECTOR | switch, S-104, to LOWER or 
UPPER position, according to the value of the 
FREQUENCY DIFFERENCE found in (3) 
above, as tabulated below. 


(5) Throw CALIBRATOR switch, 5-101, to 
10-ke position. 

(6) Readjust HFM FREQUENCY control, 
C-135-A, -B, carefully until correct frequency 
difference is read on INTERPOLATOR meter, 
M.-101, on correct scale, as tabulated below. 

(6a) NOTE the correspondence of colors, 
that is, if the scale in use on the HFM FRE.- 
QUENCY dial, N-108, is BLACK, frequency dif- 
ferences are read on the BLACK scales on the 
INTERPOLATOR meter, M-101; if the scale in 
use on the HFM FREQUENCY dial, N-103, is 
RED, frequency differences are read on the RED 
scales on the INTERPOLATOR meter, M-101, 

(6b) NOTE that when the FREQUENCY 
DIFFERENCE has been determined the proper 
seale on the INTERPOLATOR meter, M-101, 
is evident at once on inspection. The COLOR is 
determined by the COLOR of the HFM FRE- 
QUENCY dial, N-103, scale in use; the LOWER 
or UPPER portion is determined by the value of 
the FREQUENCY DIFFERENCE. 

(6c) NOTE that if the INTERPOLATOR 
meter, M-101, reads zero (on lower scales) or full 
scale (on upper scales) even though a strong beat 
tone can be heard in the telephones, the DEION- 
IZE button, 8-105, should be pressed and then 
released. See paragraph 3.252(12). 

(7) If, in making the readjustment of (6) 
above, the reading of the INTERPOLATOR 
meter, M-101, falls in the BLUE zone, follow 
instruction note on meter scale and change 
CALIBRATOR switch, S-101, setting to 20-ke 
position, Complete the readjustment called for 
in (6). 

(8) The desired frequency is then available at 
the R. F. OUTPUT terminal, E-108. 

(9) Beats between this desired frequency and 
the frequency of an external source (connected to 
the R. F. INPUT terminal E-102) are obtained 
by throwing the DETECTOR INPUT switch, 


STEP (2) STEP (3) 
HFM REQUIRED 
FREQUENCY _ FREQUENCY 
DIAL (N-103) BIFFERENCE 
SCALE IN RANGE (ke) 
BLACK 0-5 
BLACK 5-10 
RED 0-10 
RED 10-20 


STEP (4) STEP (6) 
READ REQUIRED 
THROW FREQUENCY 
INTERPOLATOR DIFFERENCE ON 
SCALE SELECTOR INTERPOLATOR 
Switch S-104 to: Meter (M-101) 
SCALE: 
LOWER BLACK-LOWER 
UPPER BLACK-UPPER 
LOWER RED-LOWER 
UPPER RED-UPPER 
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8-103, to the MATCH position. The level of the 
voltage introduced at the R. F. INPUT terminal, 
E-102, can be adjusted by the R. F. INPUT 
control, R-154. ° 

The accuracy of the result obtained above is 
limited by (1) the accuracy of the calibrator and 
(2) the accuracy of the interpolator: The calibra- 
tor error should be so small as to be negligible. 
The interpolator error will be small in the final fre- 
quency because this error is only a small part of 
the beat frequency difference between the hetero- 
dyne frequency meter and calibrator frequencies. 


4512 Frequencies from 15 to 30 Mc 

(1) Take one-half of the desired frequency. 

(2) Select range 12 or 13 on HFM RANGE 
SELECTOR switch, S-102, as required for (1). 
See lines 12X2 and 13X2 on MULTIPLIER 
chart, N-1086. 

(3) Proceed as given in paragraph 4.511 above, 

setting to one-half the desired frequency in 4.511, 
(2) through (7). 


4.513 Frequencies from 30 to 45 Me 

(1) Take one-third of the desired frequency. 

(2) Select range 12 or 18 on HFM RANGE 
SELECTOR switch, S-102, as required for (1). 
See lines 12X3 and 13X38, heavy sections, on 
MULTIPLIER chart, N-106. 

(3) Proceed as given in paragraph 4,511 above, 
setting to one-third the desired frequency in 4.511, 
(2) through (7). 


4.514 Frequencies from 45 to 60 Mc 

(1) Take one-quarter of the desired frequency. 

(2) Select range 13 on HFM RANGE SELEC- 
TOR switch, S-102, as required for (1). See line 
134, heavy section, on MULTIPLIER chart, 
N-106. 

(3) Proceed as given in paragraph 4.511 above, 
setting one-quarter the desired frequency in 4.511, 
(2) through (7). 


4.52 To Measure a FREQUENCY BY THE 
Accurate Metiop 


4.521 Frequencies from 160 ke to 15 Mc 


(1) Check heterodyne frequency meter 
against calibrator, as given in Section 4.3, at a 
setting near the estimated value of the frequency 
being measured. 

NOTE: Vf the calibration of the HFM FREQUENCY 
dial, N-108, has been checked very recently near the desired 
frequency, Step (1) may he omitted. Lf there is any question, 
however, ALIVAYS CHECK THE CALIBRATION. 

) Set HFM FREQUENCY dial, N-103, to 
estimated value of frequency to be measured. 

(3) Throw DETECTOR INPUT | switch, 
8-103, to MATCH position. 

(4) Vary HFM FREQUENCY control, C-135- 
A, -B, to obtain zero beat against frequency to be 
measured (introduced at R. F. INPUT terminal, 
E-102; level controlled at R. F. INPUT control, 
R-154). 
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(5) At this point, the heterodyne frequency 
meter reads the value of the frequency being meas- 
ured by the QUICK METHOD, The following 
steps are coneerned with measuring this fre- 
quency by the ACCURATE method. 

(6) Throw DETECTOR INPUT 
$-103, to MEASURE position. 

(7) Turn CALIBRATOR switch, S-101, to 
10-ke position. 

(8) Throw INTERPOLATOR SCALE SE- 
LECTOR switch, S-104, to LOWER position. 

(8a) If reading of INTERPOLATOR meter, 
M-101, falls in BLUE zone, follow instruction 
note on the meter scale and change the calibrator 
frequency to 20 ke. 

(8b) NOTE that if the INTERPOLATOR 
meter, M-101, reads zero (on lower scales) or full 
scale (on upper scales), even though a strong beat 
tone can be heard in the telephones, the DEION- 
IZE button, S-105, should be pressed and then 
released. See paragraph 3.252(12). 

(9) Advance the INTERPOLATOR SCALE- 
TEST control, C-168, in direction of arrow, until 
a change in reading of the interpolator meter 
M-101 takes place. If pointer moves to LOWER 
scale readings, leave INTERPOLATOR SCALE 
switch, S-104, in LOWER position. If pointer 
moves to HIGHER scale readings, throw INTER- 
POLATOR SCALE SELECTOR switch, S-104, 
to UPPER position. 

(10) The value of the frequency being meas- 
ured is given by the SUM of the calibrator fre- 
quency next below the setting of the HFM FRE- 
QUENCY dial, N-103, and the reading on the 
INTERPOLATOR meter, M-101, taken on the 
correct scale, as tabulated on page 22. (The HFM 
FREQUENCY dial, N-108, indicates the approxi- 
mate value of the frequency being measured.) 

NOTE the correspondence of colors, that is, 

if the scale in use on the HFM FREQUENCY 
dial, N-103, is BLACK, the INTERPOLATOR 
meter, M-101, is read on the BLACK scales: if 
the scale in use on the HFM FREQUENCY 
dial, N-103, is RED, the INTERPOLATOR 
meter, M-101, is read on the RED scales. 
' NOTE that having determined the correct 
position of the INTERPOLATOR SCALE 
SELECTOR switch, 5-104 (Step 9), the position 
of the switch indicates which seale of the INTER- 
POLATOR meter, M-101, should be read. With 
switch thrown to LOWER position, read LOWER 
scale; with switch thrown to UPPER position, 
read UPPER scale. 

The accuracy of the result is limited by the 
same factors as those given under paragraph 
4.511. 


4.522) Frequencies Between 16-and 30 Me 

(1) Take one-half of the estimated value of 
the frequency to be measured. 

(2) Select range 12 or 13 on HFM RANGE 
SELECTOR switch, 5-102, as required for (1). 
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See lines 12X2 and 13X, heavy sections, on 
MULTIPLIER chart, N-106. 

(3) Procced as given in paragraph 4.521 above, 
setting at one-half the estimated value of the 
frequency for zero beat in 4.521, (2) through 
(10), 

(4) Madtéply final readings by 2 to obtain 
value of frequency being measured, 


4.523 Frequencies Between 30 and 45 Mc 

(1) Take one-third of the estimated value of 
the frequency to be measured. 

(2) Select range 12 or 13 on HFM RANGE 
SELECTOR switch, 5-102, as required for (1), 
See lines 12X38 and 13X3, heavy sections, or, 
MULTIPLIER chart, N-106. 

(3) Proceed as given in paragraph 4.251 above, 
setting at one-third the estimated value of the 
frequency for zero beat in 4.251, (2) through (10). 

(+) Madtiply final readings by 3 to obtain 
value of frequency being measured. 


4.524 Frequencies Between 45 and 60 Mc 

(1) Take one-quarter of the estimated value 
of the frequency to be measured. 

(2) Select range 138 on HFM RANGE SELEC- 
TOR switch, S-102, as required for (1). See line 
13X4, heavy section, on MULTIPLIER chart, 
N-106. 

(3) Proceed as given in paragraph 4.251 above, 
setting at one-quarter the estimated value of the 
frequency for zero beat in 4.251, (2) through (10). 

(4) Multiply final readings by 4 to obtain 
value of frequency being measured. 


4.6 CHECKING AND ADJUSTING CALI- 
BRATOR AGAINST STANDARD FRE- 
QUENCY TRANSMISSIONS; USING 
CALIBRATOR OUTPUT IN) EXTER- 
NAL CIRCUITS 


STEP (5) 


STEP (9) 


4.61 CrystaL AND STANDARD FREQUENCY 
COMPARISONS 


4.611 In this equipment the © stability 
and accuracy of the crystal oscilla- 
tor frequency (rated value 100 ke+1 cycle) are 
such that the necessity for applying corrections 
to the crystal frequency harmonics or for making 
adjustments to the crystal frequency by means 
of control C-102 (see paragraph 3.2211) should 
rarely be encountered. 


4.612 While the procedure of paragraph 
4.63 has been given to cover the 
possibility of crystal frequency adjustment, a spe- 
cial report, including all the standard frequency 
transmission check measurements, should be sent 
through the proper authorities to the Bureau, if there 
is evidence over a period of a month that the 
average crystal frequency differs from its rated 
value of 100 ke by more than 2 cycles. 


4.62 CHECKING CALIBRATOR 


4.621 The frequency of the crystal con- 
trolled calibrator may be checked 
in terms of standard frequency transmissions, 
through the use of an external receiver. (Refer 
to BEJ-117, October 1, 1940.) Pick up the stand- 
ard frequency transmission in the receiver, which 
is preferably of the oscillating type. Introduce 
the output of the calibrator into the receiver 
circuits by coupling from the CAL. OUT terminal 
to the antenna circuit of the receiver. NOTE: 
Keep snap cover on CAL. OUT concentric jack, 
E-104, when this output is not in use to provide 
shielding of circuits from noise and radio fre- 
quencies. 


4.622 The CALIBRATOR 100-ke output 
is obtained at the CAL. OUT ter- 
minal, E-104, as follows: 

(1) Turn CALIBRATOR switch, S-101, to 


100-ke position. 


STEP (10) 


pete INTERPOLATOR eae 
FREQUENCY SC ee i OR INTERPOLATOR 
DIAL (N-103) wana SCALE on 


thrown to: 


in use: Meter, M-101: 
- BLACK LOWER BLACK-LOWER 
BLACK UPPER BLACK-UPPER 
RED LOWER RED-LOWER 
RED UPPER RED-UPPER 
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(2) Throw DETECTOR INPUT 
5-103, to MEASURE position. 

(3) If a beat is obtained with the heterodyne 
frequency meter, simply turn the HFM FRE- 
QUENCY control, C-135-A, -B, until the hetero- 
dyne frequency is outside the response range of 
the receiver, or turn the RANGE SELECTOR 
switch, S-102, to another range. 


switch, 


4.623 The difference in frequency between 

the standard frequency and the cal- 

ibrator frequency will be heard in the receiver 

output as a “flutter” of noise or hum (or of the 

beat tone, if the receiver is oscillating and set for 

a beat. tone against the standard frequency) or as a 
very low beat tone. 


4.63 ApsuUSTING CALIBRATOR 


4.631 If the CALIBRATOR is to be set 
into agreement with the standard 
frequency transmission, proceed as follows: 

(1) Release the four fasteners near the four 
corners of the panel by turning one-quarter turn 
to left. 

(2) Draw equipment forward on slides. 

(3) Insert service cable between the two parts 
of the automatic connector in the lower left front 
corner of instrument. The service cable is stored 
in the compartment under the top of the cabinet. 
It is readily accessible when the instrument is 
drawn forward on the slides. 

(4) While listening to the “flutter’’ or low 
beat tone heard in the receiver output, release the 
lock on dial of C-102 (located at rear of top shelf) 
with a screw driver, and with the screw driver, 
turn the dial slowly, one. way or the other, to 
make the ‘“‘flutter’’ become a very slow waxing 
and waning. 

(5) Lock dial of C-102. 

(6) Remove service cable and store in place. 

(7) Push equipment back into place. 

(8) Lock the four fasteners, near the four 
corners of the panel, by turning one-quarter turn 
to right. 


4.632 Refer to Figure 4.632 for average 

curve of the change in frequency of 

the crystal oscillator as a function of the dial 
setting of C-102. 


4.64 Usine CaLisprator Ourrut 
IN EXTERNAL CIRCUITS 


4.641 The output of the calibrator is 
available at the CAL. OUT ter- 
minal, E-104, following the procedure given 
below, and may be used directly in calibrating 
receivers, etc. The output frequency can be 10, 
20 or 100 ke, with harmonics. Key frequencies, 
to identify the harmonic frequencies, can be 
obtained by setting up frequencies on the hetero- 
dyne frequency meter in the usual way. 
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4.642 To obtain the output of the cali- 
brator at the CAL. OUT terminal, 
E-104, proceed as follows: 

(1) Turn CALIBRATOR switch, S-101, to 
desired frequency. 

(2) Throw DETECTOR INPUT 
S-103, to MEASURE position. 

(3) Connect external circuit to CAL. OUT 
terminal, E-104. 

(4) If the output of the heterodyne frequency 
meter produces an undesired beat, simply move 
the HFM FREQUENCY control, C-135-A, -B, 
until no interference remains, or turn the RANGE 
SELECTOR switch, S-102, to another range. 


4.7 USE OF INTERPOLATOR ON AUDIO 
FREQUENCIES FROM AN EXTERNAL 
SOURCE 


4.71 The interpolator may be used as a 
frequency meter for indicating or 
measuring the frequency of an external audio 
frequency source. The frequency range which can 
be covered is O to 5.5 ke. 


switch, 


4.72 Connect the audio frequency source to 

a telephone plug and insert this at the 

jack, J-103, marked INTERP. INPUT. The tip 
of the plug should be connected to the “high”’ 
side of the source; the sleeve should be connected 
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to the “low” (ground) side of the source. On 
inserting the plug in the jack, J-103, the “low” 
side of the source will be grounded. The source 
voltage should be at least five volts, and may be 
up to 100 volts. 


4.73 The input impedance of the interpo- 
lator is high, 0.5 megohm = approxi- 
mately, so a step-up audio-frequency transformer 
may he used to advantage between the source 
and the interpolator. If the source is balanced to 
ground, the transformer may have a_ balanced 
primary connection, with the secondary unhbal- 
anced, If a transformer with a step-up ratio is 
used, the minimum. source voltage which is 
required to operate the interpolator is reduced 
from the figure of 5 volts given above, depending 
on the step-up ratio. 


4.74 Throw the INTERPOLATOR SCALE 
SELECTOR switch, S-104, to the 
LOWER position. Read the frequency of the 
audio-frequency source on the LOWER BLACK 
scale. No attention need be paid to the BLUE 
zone on the INTERPOLATOR. meter scale, 
M-101, when the interpolator is being used as 
described in this section. 


4.8 USE OF EQUIPMENT AS A SOURCE 
OF KNOWN AUDIO FREQUENCIES 
4.81 The heat frequency obtained between 

the heterodyne frequency meter and 
the erystal calibrator may be used as a source of 
known audio frequencies over a range from 0 to 
5.5 ke as described below: 

(1) Turn CALIBRATOR switch, S-101, to 
20-ke position. 

(2) Turn HFM RANGE SELECTOR switch, 
5-102, to range 1, 160-232 ke. 


(3) Throw DETECTOR INPUT | switch, 
$-103, to MEASURE position. 
(4) Throw INTERPOLATOR SCALE 


SELECTOR switch, 3-104, to LOWER position. 

(5) Adjust HFM FREQUENCY | control, 
C-135-A, -B, to obtain zero beat against any 
calibrator harmonic near the middle of the range. 

(6) Advance the HFM FREQUENCY con- 
trol, C-135-A, -B, to increase the beat frequency. 
The INTERPOLATOR meter, M-101, indicates 
the audio frequency at all times. Read the 
LOWER BLACK seale. No attention need be 
paid to the BLUE zone on the INTERPOLATOR 
meter scale, M-101, when it is being used as 
described in this section. 

(7) The audio-frequency output is obtained 
at either of the TEL jacks, J-101 or J-102, and at 
REMOTE telephone connection. If no telephones 
are plugged in, while the equipment is being used 
as an audio-frequency source, the output voltage 
will be somewhat greater and the waveform at 
low frequeneics will be greatly improved. The 
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output impedance of this audio-frequency source 
is 600 ohms, approximately, balanced to ground. 
The audio output voltage is approximately 3.0 
volts into a 600-ohm load. The output voltage 
may be adjusted by means of the TEL VOLUME 
control, R-184-A, -B. 


4.9 OPERATION IF PART OF EQUIPMENT 
IS FAULTY 

4.91. The following paragraphs outline methods 
of using this equipment in cases where 
parts of the circuits are faulty. In such cases 
it will be appreciated that the convenience of 
operation or the accuracy of the result may be 
adversely affected. However, it may be better to 
have some approximate result or somewhat 
restricted coverage than to have no results at all, 


4.92) CaLipraToR PARTIALLY OR WHOLLY 


Fav.ty 
4.921 10 ke position normal: 20 ke position 
normal or faulty; 100 ke position 
normal or faulty. Full operation by QUICK 
METHOD (Sections 4.41, 4.42) can be obtained. 
Only partial operation by EXACT METHOD 
ean be obtained. INTERPOLATOR readings 
are restricted to ranges outside of BLUE zones 
giving ranges 0-45 ke, 5.5-10 ke, 0-9 ke and 
11-12 ke for the respective scales. Interpolation 
by the use of the scale of equal parts (N-108, 
N-104) may be used. (See Section 4.96.) 

4.922 10 ke position faulty; 20 ke position 
normal; 100 ke position faulty or 
normal. Full operation by QUICK METHOD 
(Sections 4.41, 4.42) can be obtained. Somewhat 
over 50% coverage can be obtained by EXACT 
METHOD (5.5 ke on either side of every 20 ke 
CALIBRATOR point on BLACK scales; 11 ke 
on either side of every 40 ke CALIBRATOR 
point on RED scales. Interpolation by the use 
of the seale of equal parts (N-103, N-104) may be 
used. (See Section 4.96.) 

4.923 10-ke and 20-ke positions faulty; 
100-ke position normal. Practically 
full operation may still be obtained by the QUICK 
METHOD, the only difficulty being encountered 
in the LOW FREQUENCY ranges of the Hetero- 
dyne Frequency Meter. Interpolation by the 
use of the scale of equal parts (N-103, N-104) 
may be used. (See Section 4.96.) 


4.924 If the calibrator is faulty on all 

three positions, 10, 20 and 100 ke, 

no accurate operation is possible. Results can 

still be obtained by the QUICK METHOD (see 

Sections 4.41, 4.42) but only by relying upon the 

accuracy with which the heterodyne frequency 
meter keeps its calibration. 
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4.93 HerTreRODYNE FREQUENCY METER 
PARTIALLY FAULTY 


4.931 If one or more of the fundamental 

ranges of the heterodyne frequency 

meter are faulty, no results can be obtained on 

such faulty ranges, or on their second harmonie 

ranges. (See table, paragraph 3.232.) Normal 

results can, of course, be obtained for the ranges 
showing no fault. 


4.94 InTERPOLATOR PARTIALLY OR WHOLLY 
FAuLty 


4.941 If the interpolator is faulty in one 

position, full operation is of course 

possible by the QUICK METHOD (see Sections 

4.41, 4.42) and is also possible by the EXACT 

METHOD provided the readings are properly 
interpreted. 


4.942 UPPER scale faulty; LOWER 
scale normal. In this case results 
must be obtained by adding or subtracting the 
interpolator reading to or from the frequency of 
the calibrator point. It is probably simplest, for 
most cases, to note which way the frequency of 
the heterodyné frequency meter must be varied 
to go from the nearest calibrator point to the 
desired frequency or the frequency being meas- 
ured on HFM FREQUENCY dial, N-103. If 
the HFM frequency is increased, ADD the 
INTERPOLATOR reading on LOWER scale 
to the frequency of the CALIBRATOR point; if 
the HFM frequency is decreased, SUBTRACT 
the INTERPOLATOR reading on LOWER 
scale from the frequency of the CALIBRATOR 
point. 


4.943 LOWER scale faulty; UPPER 
scale normal. The principle of 
operation is just as given in 4.942. Note which 
way the frequency of the heterodyne frequency 
meter must be varied to go from the nearest 
calibrator point to the desired frequency, or the 
frequency being measured, on HFM FRE- 
QUENCY dial, N-103. If the HFM frequency 
is increased, SUBTRACT the INTERPOLATOR 
reading on UPPER scale from the frequency of 
the calibrator point next above the reference cali- 
brator point; if the HFM frequency is decreased, 
ADD the INTERPOLATOR reading on UPPER 
scale to the frequency of the calibrator point 
neat below the reference calibrator point. 


4.944 If BOTH scales are faulty, no oper- 
ation is possible by the EXACT 
METHOD. Use the QUICK METHOD (see 
Sections 4.41, 4.42) or interpolation by scale 
of equal parts N-103, N-104. (See Section 4.96.) 


4.95 Detector anp Aupio AMPLIFIER PaR- 
TIALLY OR WuonLy FAauLty 


4.951 If the detector and audio amplifier 
are partially faulty, so that the 
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output is much below normal level, the inter- 
polator may not function because of insufficient 
input voltage. In such a case, results cannot be 
obtained by the EXACT METHOD. Use the 
QUICK METHOD (see Sections 4.41, 4.42) or 
interpolation by scale of equal parts, N-103, 
N-104. (See Section 4.96.) 


4.952 If the detector and audio amplifier 
are wholly faulty, operation can 
be obtained by using an external receiver. Couple 
the receiver to the CAL. OUT terminal, E-104, 
and to the R. F. OUTPUT terminal, E-103. 
Beats between the Heterodyne Frequency Meter 
and the calibrator may then be obtained in 
the receiver. Full operation by the QUICK 
METHOD (see Sections 4.41, 4.42) can then be 
obtained. Because of the absence of filters in the 
audio frequency circuits of the receiver, it is not 
recommended that operation by the EXACT 
METHOD be attempted unless the operator is 
thoroughly familiar with the problem. If suf- 
ficient audio output is available from the receiver, 
the INTERPOLATOR can be operated by plug- 
ging the receiver output into the INTERP. 
INPUT jack, J-103. 


4.96 INTERPOLATION By SCALE OF EQUAL 


Parts 
4.961 The accuracy of results may be 
improved in cases where the 


QUICK METHOD only can be used, by inter- 
polating on the scale of equal parts, N-103, N-104, 
instead of interpolating by estimating reading 
on the HFM FREQUENCY dial, N-103. 


4.962 Refer to Figure 4.962. Let the 
frequency f/f; represent the  cali- 
brator point next below the desired frequency f; 
(or the frequency to be measured, fr) and S, 
represent the corresponding scale setting read 
on the equal parts scale. Let f2, similarly, repre- 
sent the frequency of the calibrator point next 
above fz, and 8. represent the corresponding scale 
setting. (f2—f1) represents the frequency difference 
between the two calibrator harmonics used and 
is equal to the fundamental frequency selected 
by the CALIBRATOR switch, S-101. 


4.963 The calibrator frequencies can be 
immediately identified from the 
direct-reading HFM FREQUENCY dial, N-103. 
Set to zero beat against f; and note the scale read- 
ing, in divisions, corresponding; this is S;. Set to 
zero beat against fe and note the scale reading, in 
divisions, corresponding; this is Se. Find the 
“divisions per kilocycle” factor D from 


where (S2—S,) is the number of scale divisions 
between the settings for fy and fe. (fe—fi) is 10. 
20 or 100 ke, depending upon the CALIBRATOR 
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switch setting, S-101. Find the ‘‘kilocycles per 
division” factor F from 


_ fam fi 
P= Se—S) 
where (Se—5;) and (fe—f1) are as above. 


4.964 To set up a frequency, determine 

the value of (fz—f;), that is, the 

number of kilocycles f; is above f;. Then this 

frequency difference (f;—f:) multiplied by the 

“divisions per kilocycle” factor D gives the scale 

difference (S:—S;) or the number of divisions S, 
lies above S,. 


(fe—f:)D = (Se— 81) 


To measure a frequency, find the 
scale difference (S;—S;), that is, 
the number of divisions Sz lies above S;._ Then 
this scale difference (S:—S,) multiplied by the 
“kilocycles per division” factor F gives the fre- 
quency differences (fz—f:) or the number of 
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PROBABLE TROUBLES: LOCATING; OVERCOMING 


5.1 GENERAL STATEMENT 


5.11 There is little likelihood of troubles de- 
veloping from failure of circuit compo- 
nents, other than vacuum tubes. Whatever the 
cause of difficulty may be, the first step in over- 
coming any trouble is localization of the fault or 
failure. In general, the portion of the circuit 
affected is either known by the manner in which 
the equipment operates or by simple methodical 
tests. Having established the portion of the cir- 
cuit at fault, the following outlines of possible 
sources of difficulty should be helpful. 


5.12 If a circuit analyzer is available, check 
readings should be made for the tubes 
involved in the portion of the circuit in question 
and compared with those given on page 70. If 
no analyzcr is available, then ohmmeter tests, 
point-to-point in the portion of the circuit in 
question may disclose any serious circuit fault. 
It must be borne in mind that neither the 
analyzer nor ohmmeter tests will always quickly 
disclose open-circuits, particularly those in series 
with capacitors or within capacitors. 
5.13 If the difficulty may be traceable to old 
or defective tubes, systematically replace 
tubes in the affected section. If replacing a tube 
makes no change, return to the original tube. If 
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a tube-tester or tube-checker is available, the 
tubes involved may be checked, though such 
checks do not always disclose a defective tube. 
CAUTION: If the tube-tester or tube-checker 
does not have complete directions and provision 
for testing tuhes of special types, such as the 
38205 (VR-105) and 38884 (884), DO NOT 
ATTEMPT TO CHECK SUCH TUBES. Gas 
tubes such as these can be permanently damaged 
if connected in circuits not provided with appro- 
priate resistance in series with the source of plate 
supply voltage. 


5.2 CALIBRATOR 


5.21. CrystaL OscILLATOR 

5.211 The performance of the crystal oscil- 
lator can be judged from the readings 

of the CRYS. OSC. meter, M-102, and from the 
control of the multivibrator. If the crystal oscil- 
lator fails to oscillate, M-102 will read 2.4 ma 
and the multivibrator will not control on any posi- 
tion of the CALIBRATOR switch, S-101. When 
operating correctly, M-102 reads 1.5 ma approxi- 
mately, the reading depending on the calibrator 
frequency and somewhat on the line voltage. The 
reading, in general, will be slightly higher with a 
new crystal oscillator tube, V-101, than with an 
old tube. Check by replacing V-101 and using 
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analyzer or ohmmeter, if circuit defects are sus- 
pected. 


5.22 TEMPERATURE CONTROL 
5.221 Failure of the temperature control 
system would be indicated by (1) 
abnormally high or low readings of thermometer, 
M-104, or (2) by the HEAT signal lamp, I-101, 
not lighting at all or staying lighted. If the HEAT 
signal lamp fails to light, first check reading of 
thermometer, M-104, mounted on the top of the 
temperature control box, rear left of top shelf in 
equipment (by drawing equipment forward on 
slides). 


5.222 If thermometer reads 50°C+2.5°C, 

the control is functioning properly. 

The trouble is then a burned out HEAT signal 

lamp, I-101, or poor connections in the lamp 
socket. 


5.223 If the thermometer shows an abnor- 

mally low reading, or no reading, the 

fault is in the heater circuits. Check HEAT fuse, 

F-102; check heater circuit for resistance or for 

continuity. A thermostat which fails to close the 

circuit when cold, or an open-circuit in the ther- 
mostat or heater connections, is indicated. 


5.224 If the thermometer, M-104, shows an 

abnormally high reading, either a 

faulty thermostat, S-107, which fails to open- 

circuit when hot, or a short-circuit across the 

thermostat connections is indicated, at S-107 or 
C-101. 


5.23 MUuLTIVIBRATOR 

5.231 If the multivibrator controls properly 
on one or two positions of the CALI- 
BRATOR switch, S-101, the difficulty is most 
probably within the multivibrator itself — those 
circuits associated with V-103 and V-104, but 
such difficulty may possibly be contingent on 

subnormal output from the amplifier V-102. 


5.232 If the crystal oscillator is normal (see 
5.21) the input and output of the 

amplifier may be easily checked if a vacuum-tube 
voltmeter is available. Remove multivibrator 
tubes V-103, -104. Throw CALIBRATOR switch, 
S-101, to 100-ke position. With the vacuum-tube 
ge...from .the _ grid 
102. te. ground. This should be 
. Then measure the \ vo t- 


a beat of, say, 0.5 ke, near 200 ke. 


Ri 0 volts+0.5 ‘volt, at.normal line Se ee If it’ 


is not, adjust R-109 to obtain this value. 


“5.233 To check for faults or to check the 
alignment of the multivibrator V-103, 

-104, replace these tubes and remove amplifier 
V-102. Throw CALIBRATOR switch, S-101, to 
100-ke position. Using the heterodyne frequency 


Q7 


meter direct-reading dial, N-103, check the fre- 
quency of the multivibrator harmonic obtained 
near 200 ke. This frequency should be 200 ke+1 
ke. If it isnot, adjust R-114 to bring the frequericy 
close to 200 ke. NOTE: The beat tone will sound 
rough and unsteady, the frequency varying some- 
what with line voltage. An approximate setting 
for the frequency can be made, however, which is 
sufficient for this test. Next, insert the amplifier 
V-102 and let it reach operating temperature. 
Using the heterodyne frequency meter, set it for 
Next vary 
R-114, noting if the beat tone changes from 0.5 
ke. Normally, the multivibrator remains in con- 
trol over the entire range of R-114. Set R-114 
at the mid-point of the range. 


5.234 To check the 20-ke position, throw 
the CALIBRATOR switch, S-101, to 
the 100-ke position. Throw the heterodyne fre- 
quency meter RANGE SELECTOR switch, 
S-102, to the 1.83—1.87 Mec range. Vary the 
heterodyne frequency meter frequency control, 
C-135, A-B, noting the dial division reading (on 
the equal parts scale) for two successive 100-kc 
harmonics. Next throw the CALIBRATOR 
switch, S-101, to the 20-ke position. Then, start- 
ing at the lower of the 100-kc harmonic settings 
noted previously, call it zero, and count the num- 
ber of zero beat points passed over in going to 
and including the higher of the two 100-kc har- 
monics. This count should be 0, 1, 2, 3, 4, 5. If 
the count is more than 5, the multivibrator fre- 
quency is too low. Adjust R-113 in the clockwise 
direction until a new control range is obtained and 
recheck until the correct count is obtained. If the 
count is less than 5, the multivibrator frequency 
is too high. Adjust R-113 R- 113 in the counterclockwise 
_direction until a new control range is obtained and 
“Yecheck until the correct count is obtained. When 
the correct count has been obtained, set the het- 
erodyne frequency meter to one of the 20-ke har- 
monics in between the two 100-kc harmonics pre- 
viously noted. Set a beat of, say, 0.5 ke. Then 
vary R-113 each way until the beat note suddenly 
changes, noting the position of R-113. Make 
final setting of R-113 in middle of this range. 


5.235 


To check the 10-ke position, proceed 
as in 5.234 to spot two successive 
100-ke harmonics on heterodyne frequency meter 
dial. Throw CALIBRATOR switch to 10-ke 
position. Make count of zero beat points, as de- 
scribed in 5.233, which should give 0, 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10. If the count is more or less than 
10, correct by adjusting R-112, as described for 
R-113 in 5.234, and make final setting in same 
manner. 


5.236 If the beat output at the telephones 

for beats between the CALIBRATOR 

and the heterodyne-frequency meter is below 
normal, the difficulty may be due, among other 
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possibilities, to a subnormal calibrator output. 
Try replacing V-105. 


5.3 HETERODYNE FREQUENCY METER 
5.31) Hrreropyné Oscittator Circuit 
5.311 The gencral performance of the oscil- 
lator of the heterodyne frequency 
metcr can be judged from the readings of the 
HFM PLATE meter, M-103, on any range. If 
the circuit fails to oscillate, the meter reading is 
approximately 2.6 ma; if the circuit oscillates 
normally, the reading is approximately 1.5 ma. 
If normal readings are obtained on all but one or 
two positions of the HFM RANGE SELECTOR 
switch, S-102, the difficulty is either in the switch, 
S-102, or in the coil associated with the defective 
range or ranges. 


5.312 If the circuit fails to oscillate on all 

ranges, the difficulty may be a defec- 

tive tube, V-110, or a fault in the oscillating cir- 

cuit connections between tube and tuned circuit, 
or in the tuned circuit. 


5.313 If the frequency of the heterodyne 

frequency meter does not check the 

dial readings, and is in error by a large amount, 

with the frequency much lower than the correct 

value, a coil shield has come off or was not re- 
placed properly after having been removed. 


5.32 HFM Input SicNaL AMPLIFIER 
5.321 If difficulty is encountered in getting 
good beats between the heterodyne 
frequency meter and a frequency introduced at 
the R. F. INPUT terminal, E-102, with the 
DETECTOR INPUT switch, S-103, in the 
MATCH position, it may signify a defective 
tube at V-112, or a fault in the circuits involving 
the DETECTOR INPUT switch, S-103, the 
plate output circuits of the tube V-112, or a fault 
in the INPUT control, R-154. Such a condition 
may also result from incorrect coupling to the 

source of the frequency being measured. 


5.33 HFM Cevpiine TusE 

5.331 If difficulty is encountered in obtain- 
ing good beats between the hetero- 
dyne frequency meter and the calibrator, with the 
DETECTOR INPUT switch S-103 in the MEAS- 
URE position, the fault may lie in the HFM 
coupling tube, V-113, or in the circuits involving 

the switch, S-103. 


5.34 Te AuIGN Direcr-Reapine Dia, N-103 


5.341 Set condenser C-135 to 0 or 2500 
divisions on scale of equal parts. 


5.342 If necessary, set index Jine on direct- 
reading dial into vertical position. 

To do this, remove cover by removing the two 
clamps. Remove mask by removing the staking 
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screw in the edge of the spider; remove three 
screws at cerntcr; remove ring; rotate mask one 
tooth at edge of spider and remove. Loosen set- 
screws behind the dial assembly which are acces- 
sible with a screw driver put through the arms of 
the spider. Set index against a straight edge placed 
between centcr of zero corrector on, M-101 and 
center of direct-reading dial N-103. Lock set- 
screws firmly. 


5.343 Replace mask and dial cover. Align 

cover index with index line of direct- 

reading scale. Secure cover firmly by tightening 
clamps. 


5.344 Check adjustments’ by _ setting 

RANGE SELECTOR switch, 5-102, 

on Range 13; setting C-135 to 0 or 2500 divisions 

on scale of equal parts; see that dial and cover 
indexes are in alignment. 


5.345 Check mask and window opening 
alignment by turning S-102 to Range 
18 and making certain that the right and left 
edges of mask opening are in alignment with the 
sides of the window opening in the dial cover. If 
the edges are not aligned, loosen the setscrews in 
the sprocket hub on the shaft of the RANGE 
SELECTOR switch, S-102, advance or retard the 
mask by turning the sprocket until the edges are 
aligned. Set up setscrews firmly. 


5.346 Check the alignment of the knob indi- 

cator on the RANGE SELECTOR 

switch, S-102, with the engraving on the panel. 

If not in alignment, loosen setscrews in knob, turn 
knob into alignment and tighten setscrews. 


5.4 DETECTOR AND A. F. AMPLIFIER 
5.41 Derecror 
5.411 If the audio-frequency output is low, 
it may be due to a faulty detector 
tube. If so, replacing V-106 should result in 
improved output. If no improvement is found, re- 
place original tube and see if the trouble is in the 
circuits of S-103, or is beyond the detector in the 
audio amplifier. 


5.42 Avpio AMPLIFIER 


5.421 Difficulties which may be due to poor 
tubes are best localized by succes- 
sively replacing the tubes with new ones. If an 
audio-frequency voltmeter or output meter is 
available, it may be used to advantage. Adjust 
the heterodyne frequency meter for a beat of, say, 
1 ke against a calibrator harmonic. Connect the 
audio-frequency voltmeter across the telephones 
at J-101 or J-102. As the successive tubes are 
replaced, note the meter readings. A sudden 
increase, following replacement of a given tube, 
discloses the faulty tube. 
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5.422 If the above tests fail to disclose a 
fault in the audio amplifier, an audio- 
frequency source may be connected to the grid of 
each stage of the amplifier in turn, V-109, V-108, 
V-106, beginning at the last stage. For each stage 
note that a substantial gain in output occurs. If 
the oscillator is calibrated, the required input volt- 
age at each stage can be noted, for constant out- 
put. If any stage shows no appreciable gain, the 
trouble is probably in that stage, either in the 
tube or its associated circuits. 


5.423 After applying the audio-frequency 
voltage to the grid of V-108, note that 
on applying the voltage between cathode and 
ground of V-107 a small loss in gain may occur, 
due to filter LC-101. Similarly, applying the 
voltage at the grid of V-107, a slight loss in gain 
may be expected. In either case, however, if no 
output is obtained, the trouble is localized in 
LC-101 and its connections, or in V-107 and its 
connections. 


5.5 INTERPOLATOR 
5.51 Input AMPLIFIER 


5.511 If failure of the input amplifier is sus- 
pected, replace V-114 with anotlier 


- tube and see if proper performance results. If not, 


check circuits from T-101 through V-114 to T-102. 


5.52 Euecrronic FrREQqUENCY METER 

5.521 Failure of the electronic frequency 
meter may be caused by defective 
tubes, particularly V-115, V-116, lack of plate volt- 
age, lack of audio-frequency input voltage or defec- 
tive switching at 8-104, the INTERPOLATOR 
SCALE SELECT Switch. Verify the operation of 
V-119, -120, and V-118 by inspection to see that 
they glow, to be certain that proper plate supply 
voltage is obtained. Check input amplifier as in 
5.511 above. Replace V-115 and/or V-116. If 
proper performance is obtained with S-104 in one 
position, but not in the other, the trouble is local- 
ized in the circuits associated with S-104. V-117, 
the switching tube, is not likely to cause complete 

failure unless its heater is burned out. 


5.522 Erratic or irregular readings on the 
Interpolator Meter, M-101, may be 

caused by failure of plate voltage regulator sys- 
tem, V-118, -119, -120; irregular or variable audio 
frequency supplied to interpolator input, too low 
an audio-frequency voltage applied to interpolator 
input or faulty gas triode tubes V-115, -116. The 
plate voltage regulator system may be checked as 
given in Section 5.6 on Power Supply. If the fre- 
quency of the audio voltage applied to the inter- 
polator is irregular or variable, the interpolator 
indication will attempt to follow such fluctuations 
and the fault is not in the interpolator. Check by 
listening in telephones. If insufficient audio- 
frequency voltage is applied to the interpolator 
input, reliable firing of the gas-triodes V-115, -116 


will not be obtained. The check for audio input 
may be quickly made with a vacuum-tube volt- 
meter connected across the telephones (at least 
1.0 volt should be obtained with TEL VOLUME 
control, R-184-A, -B, fully advanced in direction 
of arrow), or at input to V-114 (at least 10 volts 
should be obtained). Find the cause of this sub- 
normal input. With normal audio-frequency 
input, irregular interpolator readings may be 
obtained through faulty gas triodes. Replace 
V-115 and/or V-116. 


5.523 If the interpolator meter readings, 
M-101, vary with line voltage changes, 
the cause may be a defective regulator tube at 
V-119, -120, or, less likely, at V-118. If the source 
frequency varies with supply line voltage, the change 
of interpolator meter readings is not due to any 
fault in the interpolator. Check V-119, -120, and 
see that the glow discharge covers practically the 
whole electrode area and that it does not go out 
when the line voltage drops momentarily. If it 
does, replace one or both tubes. 


5.524 Faulty gas-triodes, V-115, -116, can 

sometimes be detected by noting the 

color of the gas discharge. Normal tubes show a 

pinkish glow. Faulty tubes sometimes show a 
bluish or purplish glow. 


5.525 Quick Test for INTERPOLATOR 
Scale Adjustment 


5.5251 If the interpolator appears to be 
operating normally, but the cali- 
bration on one or both scales is not. accurate, the 
following tests and adjustments can be made. 
Turn HFM Range Selector, 5-102, to the highest 
frequency range. Turn Calibrator Switch, S-101, 
to 10-ke position. Throw DETECTOR INPUT 
switch, 5-103, to MEASURE position. Throw 
INTERPOLATOR SCALE SELECT Switch, 
8-104, to LOWER position. Turn HFM FRE- 
QUENCY control, C-135-A, -B, rapidly. The 
Interpolator Meter, M-101, should read 2.5 ke 
on LOWER BLACK scale, while the frequency 
control is being turned rapidly. Repeat with the 
INTERPOLATOR SCALE SELECT switch, 
5-104, in the UPPER position: the Interpolator 
Meter, M-101, should read 2.5 ke on LOWER 
BLACK scale, while the frequency control is being 
turned rapidly. 


5.526 <Accurate Alignment of INTERPO- 
LATOR Scales 

5.5261 To align the LOWER scales of 

Interpolator proceed as follows, 

after sliding instrument out of cabinet on slides, 

attaching servicing cable, and operating in ON 
condition for ten minutes or more. 

(a) Throw Interpolator Seale Selector Switch, 

S-104, to center (OFF) position. Check mechani- 

cal zero of Interpolator Meter, M-101. Reset, if 
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necessary, by using zero adjuster on face of meter 
case. 

(b) This next adjustment is not necessary (un- 
less the setting of R-175 has been changed) for 
routine alignment of calibration. Remove V-114. 
Keep INTERPOLATOR SCALE SELECT 
Switch, S8-104, in LOWER position. Turn R-175 
back to zero (clockwise end), by screw driver ad- 
justment on top of lower left-hand shelf. Meter 
M-101 will then read about one-tenth full scale. 
With a high resistance voltmeter, connected be- 
tween the clockwise end of R-175 (located at cen- 
ter of lower left-hand shelf) and the arm, adjust 
R-175 to obtain a reading of 5.0 volts. (If a volt- 
meter cannot be obtained, adjust R-175 as follows: 
Proceeding as above, turn R-175 back to zero, 
then advance carefully in the counterclockwise 
direction until the reading of M-101 has been 
brought just to zero. Throw POWER switch, 
S-106, to STAND BY position. With an ohm- 
meter measure the resistance included between the 
arm of R-175 and the clockwise end (ground). 
Then advance R-175 in the counterclockwise direc- 
tion until the resistance has been increased by 750 
ohms. . Remove ohmmeter. Throw POWER 
SWITCH, 8-106, to ON position. If neither a 
voltmeter nor an ohmmeter is available, proceed 
as above, setting R-175 so that M-101 just reads 
zero. Note position of arm of R-175, then advance 
in counterclockwise direction by 34 inch along 
winding.) 

(c) Replace V-114 removed above. 

(d) Set HFM RANGE SELECTOR switch, 
5-102. to lowest frequency range. Set CALI- 
BRATOR switch, 5-101, to 10-ke position. Throw 
DETECTOR INPUT switch, 5-103, to MEAS- 
URE position. Adjust the HFM FREQUENCY 
control, C-135-A, -B. carefully, half-way between 
two 10-ke calibrator harmonics. This setting can 
be made accurately by bringing the flutter heard 
on the 5-ke note to a very slow waxing and wan- 
ing. Throw calibrator switch, S-101, to 20-ke 
position. The audio output heard will then be a 
single tone of 5 kc. Keep INTERPOLATOR 
SCALE SELECTOR switch, S-104, in LOWER 
position. Adjust R-173 (screw driver adjustment 
on top, rear, of lower left-hand shelf) carefully, 
until the reading of the INTERPOLATOR 
Meter, M-101, is exactly 5 ke on the LOWER 
black scale. Both LOWER scales are then 
aligned. 


5.5262 To align the UPPER scales of the 
INTERPOLATOR proceed as fol- 


lows, after sliding instrument out of cabinet on 


slides, attaching servicing cable and operating in 
RUN condition for ten minutes or more. 

(a) FIRST ALIGN the LOWER scales as 
given in Section 5.5261 above. 

(b) Remove V-114. Throw the INTERPO- 
LATOR SCALE SELECTOR switch, 5-104, to 
UPPER position. Meter M-101 will then read 
near full scale. 

(c) Adjust R-176 (by screw driver adjustment 
on top, rear, of lower left-hand shelf) until Inter- 
polator Meter, M-101, reads just 10 ke on UPPER 
BLACK scale. Both UPPER scales are then 
aligned. Replace V-114 removed above. 


5.6 POWER SUPPLY 


5.61 The only likely sources of trouble in the 
power supply are the rectifier tube V-121, 
and fuses. If power supply fails entirely, first 
check fuses, then check operation of rectifier. If 
tube is defective, replace with another. If fuses 
blow, check the plate circuit on the filter side of 
F-103, and the output sides of L-108 and L-110, 
for short-circuits or broken down capacitors. Also 
check C-192A, B for defects. If the trouble 
appears as a blow-out of F-101, and the fault is 
not in the plate supply circuits, check for a short- 
circuit in the tube heater circuits, removing all 
tubes, the POWER pilot light I-102, and F-102 
(to open the heaters of the temperature-control 
system). If the rectifier tube filament lights, and 
the remaining tube heaters and temperature con- 
trol operate normally, but there is no plate supply 
voltage, check F-103. If the fuse F-103 is normal, 
then the trouble is likely an open circuit in L-108, 
-109 or -110. 


5.62 The plate supply voltage which is regu- 
lated by V-119, -120 and V-118 is taken 
from the junction of L-108, -109. If the total 
supply voltage is normal and the regulator tubes 
V-119, -120 and V-118 do not light up, the trouble 
is in R-179 or associated wiring, or is due to a 
fault in the interpolator causing an abnormally 
large current to flow from the junction of R-178 
and ¥-118 to 8-105, the DEIONIZE switch. If 
the line voltage is abnormally low, or the fuse 
F-101 is not inserted in the correct position (suit- 
able for the average line voltage) the regulators 
V-119, -120 may not light, but regulator V-118 
should light. Check line voltage and position of 
F-101. Finally, if line voltage is normal, replace 
any regulator tube in which the glow discharge 
does not cover practically the whole electrode sur- 
face or any in which the discharge goes out if the 
line voltage drops momentarily. 
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5.7 LOCATING TROUBLE 

These notes cover a number of maintenance 
problems that may be encountered in field use. 
Since most of these troubles are of a specific 


SYMPTOM CAUSE 


of the troubles will be helpful to those charged 
with servicing these equipments. These notes are 
intended to expedite repairs that may occasion- 
ally be necessary in service operation. 


REASON 


Extraordinarily high hum in telephones, | Open grid circuit. 


when checking against calibrator. 


Steady audio note in phones, regular 
beats against calibrator heard in back- 
ground. 


Improper 
amplifier. 


No normal beat tones when checking 
against calibrator; steady very low fre- 
quency “popping.” 


No audio output. 


Shorted plate vollage supply to 
detector and audio amplifier shelf. 


No audio output. 


High hum in audio output. Abnormal 
heating of hum-control R-183. 
Low audio output. Poor detection. 


Noisy audio output when making zero- 


beat settings. detector. 


Buzz in audio output. (Sounds like R. F, 
buzz from mercury rectifier.) 


Noise in audio output. 


by-passing 


Shorted diode detector. 


Volume control set at minimum. 


Abnormal voltage on part of R-189. 


External noise pick-up or faulty 


Sparking in buffer condensers. 


Poor contact in connections of 
power filter and audio by-pass con- 


Open grid in V-105, output tabe of calibrator. 
Huw pick-up modulates calibrator output, 


Open common ground return of by-pass con- 
denser bank of audio amplifier. Condenser bank 
mounted on power supply shelf, 


in audio 


Bus leads, at front of socket of V-106, shorted 
together. 


Incorrect operation. 

Heavy shielded cables pull down B+ bus wire 
at left underside of shelf, shorting plate supply. 
Replace bus with insulated wire. Occurs only 


in seria} numbers below 300, 


Ground on one side of heater circuits of tubes. 


Faulty detector, V-106. 


Try replacing V-106, if noise continues with 
coupling lead disconnected. 


Ha foil in C-161, 162 or 190 is open, sparking 
may take place across gap. Condensers do not 
break down on voltage test. 


Loosened soldering to condenser connections, 
Resolder. 


densers (bottom shelf), 


Het. Freq. Meter calibration does not 
agree with calibrator, 


Unsteady beat tones; wobbly reading of 
interpolation meter. 


Erratic operation of interpolator. Reads 
UK if DEIONIZE switch is pressed and 
released after switching instrument to 


ON. 


interpolator shelf. 


Erratic interpolator operation. Improper bias. 


Mullivibrator out of control. 


Multivibrator out of control. 


Improper plate supply voltage to 


All calibrator adjustments had been turned to 
end of range. Reset according to instructions. 


Readjust according to instructions. 


Defective V-118; replace. Tube glows on first 
switching instrument ON; then goes out as 
tubes warm up (Normal) but fails to light up 
again unless deionize switch is pressed and 
released. 


Leads from power plug P-101 (lower left corner 
of panel) bear against R-172, on front lower side 
of interpolator shelf, grounding R-172. 
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SYMPTOM 


CAUSE 


REASON 


Interpolator does not operate, with 
SCALE SELECTOR switch in upper 
position. 


Interpolator meter snaps off-scale on 
approaching zero beat between HFM 
and calibrator. 


NOTE: This fault can be quickly detected by putting the HFM RANGE SELECTOR switch on a dead point. 


Improper bias. 


10 KC or 20 KC passed through 
audio filters. 


R-173, 175 shorted by bare bus wire being bent 
in handling. (This lead is located at left of in- 
strument near latch-bar.) 


Faulty audio filter LC-101 or LC-102%. See 
NOTE. 


Set 


CALIBRATOR to 10 KC and then to 20 KC, If interpolator meter reads off-scale, instead of zero, one of the filters is faulty. 
Using a cathode-ray oscillograph check input and output voltages of each filler, setting gain to get a good deflection on the 
input voltage. If the filter is normal, no noticeable deflection will be obtained on the output voltage using the same gain, If 
the filter is faulty the trouble is probably an open-circuited condenser. 


Erratic operation of interpolator, or a 
steady reading at about mid-scale. 


Interpolator meter reads about 1/5th 
full scale continuously, with SCALE 
SELECTOR switch in lower position. 


Interpolator reading erratic, reads mid- 
scale at zero beat or with no signal. Sinall 
change in reading for 5 KC change in 
input frequency. 


Crystal oscillator plate current low (0.6 
ma approx.). 


Het. Freq. Meter does not oscillate. 


Erratic oscillation of Het. Freq. Meter, 
ranges 10, 12. 


Het. Freq. Meter calibration does not 
agree with calibrator on two ranges. 


Plate fuse blows (on turning to RUN 
from STAND BY). 


Line fuse blows (on turning to STAND 
BY from OFF). 


Het. Freq. Meter plate current higher 
than normal 1.5 ma on Range 1; Fre- 
quency on Range 1 higher than normal. 


Loss of HFM output on high frequencies 
(15-30 Mc). 


Grounded interpolator meter. 


No bias voltage. 


Incorrect bias, 


Low plate voltage to calibrator 
shelf. 


Short-circuit in R.F. tuned circuit. 


Poor contact. 


Improper inductance, 


Arc of plate voltage to ground. 


Abnormal load on high voltage 
winding. 


Improper Het. Freq. Meter Coup- 
ling Condensers. 


Too high HFM oscillator grid-leak. 


Shield can of V-121 (power rectifier) on top 
shelf touches interpolator meter minus terminal, 


Open-circuit. in deionize switch, or other failure 
in plate voltage supply to interpolator shelf, 


Open at one end of R-175. 


C-120 on calibrator shelf short-circuited. Plate 
supply shorted through R-160. 


Ground on bus leads from coil assembly through 
top shelf. 


Loosened solder joint in L-106. Remove can and 
resolder joint just inside lip of coil form. 


Coil shield not in place. 


High lead of C-185 (or other power filter con- 
densers) very near case; breaks down under high 
voltage but tests open with ohmmeter, 


Short-circuited buffer condenser C-192A, 192B. 


C-134 or C-186 open-circuited. Oscillator oper- 
ates on residual capacity. Frequency error is 
greatest at low frequency, decreases at high fre- 
quencies. 


R-147 defective; resistance increased from nor- 
mal of 0.1 meg. to nearly one megohm. 
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SECTION 6. ACCESS 


6.1 GENERAL STATEMENT 

6.11 The equipment is designed with the 

intention of having immediate access to 

as great a number of circuit elements as possible 
when drawn out of the cabinet on the slides. If 
the equipment is so installed as to give access to 
the sides of the instrument when it is drawn out 
of the ease on the slides, immediate access is 
obtained for all vacuum tube replacements. If 
either side is blocked by adjacent bulkheads or 
other obstructions, access to a majority of the 
tubes is still obtained. When the equipment is 
lifted out of the slide carriage (sce paragraph 2.2) 
and placed on a bench, access is obtained to prac- 
tically all portions of the equipment except the 
power supply. The following instructions give de- 
tails of access to specific parts of the equipment. 
6.2 ACCESS TO POWER SUPPLY AND BY- 
PASS CAPACITORS OF AUDIO-FRE- 
QUENCY AMPLIFIER 

6.21 Lift the equipment out of the slide car- 

riage and place it on its back on a bench. 

Remove the cight screws exposed on the bottom 
of the instrument, four along each side. Slack is 
provided in the cables so that the power supply 
shelf may be drawn away from the bottom of the 
instrument and turned, giving access to all units 
mounted on this shelf. 


6.22 To remount the power shelf, lay the 

cables in place as the shelf is brought into 

position; then fasten the shelf securely with the 
eight screws provided. 


6.3 ACCESS TO CRYSTAL MOUNTING: 
HEATERS OF TEMPERATURE CON- 
TROL. REMOVAL OF CRYSTAL 
MOUNTING OR THERMOSTAT 

6.31 To obtain access to the crystal or the 

heaters of the temperature-control sys- 
tem, release the flat spring over the temperature 
box exposing the thermometer, M-104. Slide a 
piece of fine wire, or a strip of paper, under the 
thermometer and lift it up out of the temperature 
box. Lift up the entire balsa box (the ‘lid’ is on 
the bottom, mounted on the shelf). This exposes 
the aluminum temperature-control unit. The 
aluminum box is held by snap catches to the base. 
Draw the box upward, and then tilt toward the 
interior of the equipment. Sufficient slack is pro- 
vided in wiring so that the crystal mounting may 
be uncovered, or the interior of the temperature- 
control unit may be inspected or repaired without 
disconnecting any heater or thermostat connec- 
tions. 


6.32 To remove the thermostat, S-107, first 
remove balsa box as in 6.31 above, then 


disconnect the thermostat leads from terminals of 
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C-101, mounted under top shelf at rear. Draw the 
thermostat out cf the aluminum box. The ther- 
mostat may be withdrawn for inspection without, 
disconnecting its leads. 


6.33 To remove crystal monnting, Y-101, first 
remove the balsa and aluminum boxes, 
as in 6.31 above. Next disconnect the two leads 
to the crystal mounting. Next remove the screws 
in the corners of the isolantite base of the crystal 
mounting. Lift up the crystal mounting from the 
aluminum base. In replacing, make certain that 
the piece of felt is in position between the crystal 
base and the aluminum plate. 


6.4 ACCESS TO CONNECTIONS OF MAIN 
TUNING CAPACITOR, C-135; HETERO- 
DYNE FREQUENCY METER OSCIL- 
LATOR CIRCUITS 

6.41. Remove instrument from slides and place 


on bench. Turn so that back and left side 
are accessible. As viewed from back, looking be- 
low top shelf, xecess to many parts of the Hetero- 
dyne Oscillator sub-assembly is obtainable. Some 
access and some view is possible also through left 
side frame. 


6.42 For greater access, place instrument as 
directed in Paragraph 6.21 and remove 
power supply shelf. Remove eight screws, four 
along each side casting, which secure the middle 
shelf in position. Slide middle shelf out of instru- 
ment. Access may then be had, from the bottom 
of the instrument, to the connections of the main 
tuning capacitor, C-1385, and the circuits of the 
heterodyne frequency meter oscillator, V-110. 


6.43 If the heterodyne oscillator sub-assembly 
must be removed, proceed as in 6.42. 
Disconnect the two wires from C-135, left side, to 
the oscillator sub-assembly at C-134 (right) and 
C-136 (right). Disconnect wire from C-163 (on 
panel) to sub-assembly at C-163 (left). Discon- 
nect coupling wire going through top shelf at 
C-139, Jeft. Disconnect wire from R-183 arm. 


6.44 Remove four mounting screws on under 
side of top shelf, two near V-110 and 
two below shield base of V-121. The heterodyne 
oscillator sub-assembly can then be dropped to 
extent of slack in cable, giving access to all parts. 
6.5 TO REMOVE MAIN TUNING CAPACI- 
TOR, C-135 
6.51 Place instrument and remove shelves as 
directed in Paragraph 6.41. 


6.52 Remove the direct-reading dial, N-103, 
in accordance with the instructions in 


Section 6.6. Remove control knob, E-123. 
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6.53 Unsolder the connections on the right- 

hand pair of terminals of C-135. These 

are accessible through the right-hand main frame. 

Unsolder the connections to the left-hand termi- 

nals of €-135 at the points where they attach to 
the Capacitor. 


6.54 Loosen the four mounting screws in the 

top shelf, one in each corner of the main 

casting of C-135. These are accessible from the 

top of the instrument. Holding the casting, turn 
the screws out free of the casting. 


6.55 Lower the casting, at the same time mov- 

ing the left-hand edge away from the top 

shelf and past the Heterodyne Oscillator sub- 

assembly. Then lower the casting straight down 

to the bench. The casting can then be removed 
from between the side frames. 


6.6 TO REMOVE THE MAIN DIRECT- 


READING DIAL, N-103 
6.61 Remove cover of main dial. 


6.62 Remove staking screw and lock-nut in 

edge of mask spider. Remove three 

screws in center ring. Remove ring. Turn mask, 

by grasping at edge, the amount of one tooth in 

the spider. Mask can then be drawn forward out 

of the spider. CAUTION: Do not scratch the 
mask by placing on a dirty surface. 


6.63 Turn control knob, E-123, until the set- 


screws holding the dial plate and spider 
are accessible through the arms of the spider. 
Loosen these two screws, with a screw driver held 
parallel with the panel. 


6.64 Grasping the cdge of the dial plate, work 

it forward, and out of the assembly. 

CAUTION: Do not dirty the dial plate or scratch 
it by placing on a dirty surface. 


6.65 After removal of the dial plate, with its 
shaft sleeve, the spider will be very loose 
on the dial shaft of C-185. Depress the tension 
arm, behind.the panel, near the RANGE SELEC- 
TOR Switch, 5-102, to take the tension off the 
chain. Lift chain off of sprocket on spider. Re- 


move spider. 


6.66 Reassemble dial mechanism in reverse 
order. 


6.67 For alignment of main dial, N-103, see 
Paragraph 5.34. 


6.7 TO REMOVE RANGE SELECTOR 
SWITCH, S-102, AND COIL ASSEMBLY 
6.71 Disconnect the two bus leads from the 
middle and rear switch decks from C-140 
(rotor) and C-135 (right rear terminal) respec- 
tively. 
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6.72 Remove two screws in left-hand support 

casting of coil assembly (on top shelf). 

Remove lock-nuts on two screws in right-hand 
support casting; then remove the screws. 


6.73 Remove knob, E-115, of RANGE SE- 
LECTOR switch, S-102. 

6.74 Loosen two set-screwsin collar of sprocket 
on shaft of S-102. 

6.75 Lifting up slightly on coil assembly, 


move assembly straight back from panel, 
until sleeve on shaft comes clear of panel bearing. 
The coil assembly can then be lifted up out of the 
instrument. 


6.76 Reassemble in reverse order. See Para- 
graph 5.34 for instructions on alignment 
of direct-reading dial, N-103, and switch, S-102. 


6.8 ACCESS TO POWER SWITCH, S-106 


6.81 Remove the three mounting screws in the 

fuse plate, located just behind left edge 

of panel. Drop fuse plate on the flexible cable 
leads attached to it. 


6.82 The panel mounting screws of the 
POWER switch, S-106, are accessible on 
removing the knob, E-119. 


6.83 If necessary, dismount the POWER 

switch, S-106. The switch can then be 

drawn out of the side frame, and all connections 
reached, without disconnecting any wires. 


6.9 ACCESS TO SUB-ASSEMBLY UNDER 
TUBE SHELF MOUNTED ON MAIN 
TOP SHELF 


6.91 Unsolder Jead, coming up through main 
top shelf near V-110, from sub-assembly. 


This point can be reached by removing V-110. 


6.92 


Disconnect lead running from C-120 to 
Y-113, along rear edge of shield base on 


V-121. 
6.93 Remove five mounting screws in the tube 
shelf. 
6.94 Remove tubes from tube-shelf sockets. 
6.95 Raise left-hand edge of tube shelf, to 


stand shelf on edge, exposing components 
mounted under shelf. If necessary, after raising 
the tube shelf, disconnect the lead between S-103 
and R-16]1, at point under V-113, to obtain further 
access to sub-assembly. 
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PARTS 


LISTS 


TABLE I 
LIST OF MAJOR UNITS FOR MODEL LR-1 COMBINED CRYSTAL CONTROLLED 


Name 


CALIBRATOR AND HETERODYNE FREQUENCY METER 


“Symbol Group 
Designation 


Combined Crystal Controlled Calibrator and Heterodyne Frequency Meter 101-199 


TABLE IT 


PARTS LIST BY SYMBOL DESIGNATION FOR MODEL LR-1 
COMBINED CRYSTAL CONTROLLED CALIBRATOR AND HETERODYNE 
FREQUENCY METER EQUIPMENT 


LOCATION CODE 


Approximate locations of items in the equip- 
ment are indicated in Column 11 of Table II, 
“Parts List by Symbol Designation” in accordance 
with the following code. 


The section of the equipment is indicated by 
numerals: 


1. 
2. 
3. 


4. 
5. 


Main top shelf 

Tube shelf, mounted on (1) 

HFM oscillator sub-assembly, mounted 
under (1) 

Main bottom shelf 

Front panel 
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6. Upper left side shelf assembly 
7. Lower left side shelf assembly 
8. Lower right side shelf assembly 
9. Main frame, left side 

10. Main support base (fixed) 


The approvimate position of an item within a 
section of the equipment is indicated by letters: 

B. Back 

C. Center 

F. Front 

R. Right 

L. Left 
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GENERAL RADIO COMPANY 


TABLE III 


PARTS LIST BY NAVY TYPE NUMBERS 
MODEL LR-1 COMBINED CRYSTAL CONTROLLED CALIBRATOR 
AND HETERODYNE FREQUENCY METER 


Navy ALL SyMBoL DEsIGNATIONS Navy ALL SYMBOL DEsIGNATIONS 
Tyre Ne. INVOLVED QUANTITY Tyre No. INVOLVED 

MISCELLANEOUS PARTS (CLASS 10) , H-104 

1 E-101, 141 1 H-105 
E-105, 106, 107, 108, 109, 110, 1 1-101, 102 
111, 112, 118 : N-101 

i E114 1 N-102 
1 E-115 1 N-108 ‘ 
@ E-116, 117 ‘ N-104 
i E118 1 N-105 
i A189 1 N-106 
1 E-120, 122 
1 E-121 
; Gos ELECTRICAL INDICATING INSTRUMENTS 
5 E-124 (CLASS 22) 
1 E-125 
: mee 2 — 22312 M-102, 103 
: iene 1 — 22813 M-101 
2 E-128, 130 
1 E151 SWITCHES (CLASS 24) 
1 E-132 ce ee 
1 ES 1 S-101 
2 E-138, 139 1 S-102 
1 Ee 14? 2 — 24043 S-103, 104 
1 Ets 1 S-105 
1 Es 1 S-106 
1 E-146 
1 E-147 
1 E-148 FUSES (CLASS 28) 
1 H-101 
1 H-102 2 | F-101, 102 
1 H-108 1 | F-103 
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GENERAL RADIO COMPANY 


TABLE III (Continued) 


PARTS LIST BY NAVY TYPE NUMBERS 
MODEL LR-1 COMBINED CRYSTAL CONTROLLED CALIBRATOR 
AND HETERODYNE FREQUENCY METER 


Navy Aut SymBou DESIGNATIONS * 
Quantity! Tyre No, INVOLVED 


A-F REACTORS AND 


TRANSFORMERS (CLASS 30) 


1 
2 
1 
1 
1 

—75(—38075) 
9 —76(— 38076) 
1 —838(—38183) 
1 —84(—38184) 
4 — 38205 
2 —6C6(—38636) 
2 — 884(— 38884) 
1 6SK7 


i 


L-108 
L-109, 110 


T-101 
T-102 
T-103 


VACUUM TUBES (CLASS 38) 


V-106 

V-102, 103, 104, 105, 107, 109, 
112, 113, 114 

V-121 

V-117 

V-111, 118, 119, 120 

V-101, 108 

V-115, 116 

V-110 


THERMOMETERS, THERMOSTATS, CRYSTALS 


R-F INDUCTORS (CLASS 47) 


(CLASS 40) 
— 40036 M-104 
— 40040 8-107 
Y-101 


L-101, 102, 108, 104, 105, 106, 
107 


L-112, 118, 114, 115 
L-116, 117 


Navy 
Tyre Ne. 


— 48428-10 


— 48431-10 
— 48487-10 
—48628A 
— 48641-10 
— 48645-10 
— 48665-10 
— 48666-10 
— 48668-C2 
—48787A 
— 48865 


CO CO mt et OO et ee 


— 48893-10 
— 481004 
—481042-10 


—481121-10 
—481128-C2 
—481125-C2 


—481126-10 
—481127-C2 
—481127-10 
—481128-C2 
— 4811388 
— 481139 
— 481186-10 
—481187-10 
— 481188-10 
— 481195 
— 481196 
— 481197 


eet et OO OO oO Ot 


— 481473-10 


| 


51 


CAPACITORS (CLASS 48) 


Aux SymsBou DesiGNATIONS 
INVOLVED 


C-101, 106, 107, 108, 110, 122(2), 
125(2), 126(2), 181(2), 186, 137] 
138, 148, 153, 173, 174, 186, 
187, 188, 189 

C-127 

C-175 

C-140 

C-161, 162, 190 

C-134 

C-105, 109, 118, 146, 147 

C-121 

C-155 

C-120, 152, 176 

C-128, 124, 128, 182, 157, 158, 
159, 164, 185 

C-117, 199 

C-119, 129, 180, 149, 151 

C-177, 178, 179, 180, 181, 182, 
188, 184 

C-150 

C-113, 116 

C-112, 115 

C-168 

C-144 

C-154, 156 

C-143 

C-111, 114 

C-102, 104 

C-160 

C-145 

C-142 

C-141 

C-135-E 

C-135-D 

C-135-F, G 

C-185ABC 

C-192A, B 


GENERAL RADIO COMPANY 


TABLE III (Continued) 


PARTS LIST BY NAVY TYPE NUMBERS 
MODEL LR-1 COMBINED CRYSTAL CONTROLLED CALIBRATOR 
AND HETERODYNE FREQUENCY METER 


Navy ALL Symnou DesIGNATIONS Navy AvL Sympou DgsIGNATIONS 
Quantity | Type No. InvoLvEeD Tyre No. InvoLvED 
JACKS, PLUGS, AND RECEPTACLES (CLASS 49) 3 — 63288 R-102, 126 
T . 1 — 63288 R-152 
8 —49021A J-101, 102, 103 1 — 63288 R-177 
8 — 49120 E-102A, 108A, 104A 5 — 63288 R-110, 155 ,174, 182, 186 
3 —49121 E-102B, 108B, 104B 1 — 63288 R-104 
1 P-101 7 — 63288 R-130, 140, 141, 147, 163, 
1 P-102 168, 169 
1 P-103 2 — 63288 R-165, 167 
1 P-104 3 — 63288 R-131, 135, 136 
1 — 49362 X-101 6 — 63288 R-103, 107, 134, 137, 139, 142 
10 — 49363 X-102, 105, 106, 107, 108, 109, 1 — 63288 R-128 
110, 111, 112, 113 1 — 63288 R-123 
3 — 49364 X-103, 114, 115 1 — 63360 R-122 
7 — 49367 X-104, 116, 117, 118, 119, 120, 1 — 63360 R-124 
L aet Q —63474 R-105, 150 
3 — 63474 R-106, 149, 151 
FILTERS (CLASS 53) 1 — 63474 R-132 
ae 2 —63485-E R-148, 162 
1 LC-101 @ —63703-10 | R-144, 145 
1 LC-102 1 —63703-10 | R-185 
3 —63703-10 | R-138, 156, 166 
INSULATORS (CLASS 61) 2 —63703-10 | R-108, 148 
1 —63703-10 | R-133 
1 E-134 1 — 63756 R-154 
1 E-135 8 —63786-1 R-111, 115, 118 
1 E-136 1 —63787-1 R-119 
1 E-137 4 —63788-1 R-116, 117, 120, 121 
2 —63789 R-101 
CABLES (CLASS 62) 1 — 63845 R-183 
7 1 — 63846 R-173 
W-101 2 —63847 R-112, 114 
2 — 63848 R-175, 176 
RESISTORS (CLASS 63) 2 = Seae Rene) 218 
1 —63850 R-184A 
—63085-E R-127 1 — 63850 R-184B 
—63090-E R-146, 157 4 R-170, 171, 180, 181 
— 63288 R-125, 153 1 R-172 
— 63288 R-161 1 R-178 
— 63288 R-129, 158, 159, 160 1 R-179 
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TABLE V 


APPLICABLE RMA COLOR CODES 
FOR RESISTORS 


STANDARD METHODS FOR COLOR CODING 
FIXED MOLDED RESISTORS 
ORDER OF READING COLOR CODE 


METHOD 1 
USED FOR BOTH RADIAL-LEAD AND AXTAL~LEAD RESISTORS 


BODY COLOR, TOLERANCE COLOR 
ND COLOR 
DOT COLOR 


" 
" 
t 


4+—BAND 6(2NO SIGNIFICANT FIGURE) 


‘ 
" 
RADIAL LEAD -ott W-—BAND OR DOT C (NO.OF CIPHERS) 


USED FOR AXIAL“LEAD RESISTORS ONLY 


EQUIY.TO BOOY COLOR 
EQuiv.TO END COLOR 
EQUIV. TO BOT COLOR 


AXIAL LOAD 


BANO A(1ST SIGNIFICANT FIGURE) 


BAND B(2NO SIGNIFICANT FIGURE) 
BAND C(NO. OF CIPHERS) 


OLERANCE COLOR 


RMA COLOR CODE 


WHEN COLOR 1ST OR 2ND NO. OF CIPHERS 
USED ON BODY, SIGNIFICANT AFTER THE FIRST TWO 
END 4 BANDS eiaane Sete een FIGURES 


EXAMPLE: Take the number 62,000, 6 is the first 
significant figure, 2 is the 2d significant figure and the 
number of ciphers after the first two significant figures is 3. 


EXAMPLES 


RESISTANCE 
(OHMS) 


| BROWN _| 


-aiee 
YELLOW | VIOLET -wioLer [RED 


59 


TH ‘oseorqD 


‘dio, rasuapuo’) [elysnpuy 


"p 'N ‘auuoheg dio) suiinjyoe nue yl eos IS) 
"T[[ ‘oBeorqgD ‘onueay Uestqor FINS 006s Aued lo Sarzyizy peatsya[y owo 
“KON ‘Apepauayas Kueduo:y) di1yoapy [e1eueyy 99 
‘CON PMA “OUT. ‘ay1qUBIOS] nao 
“SSB ‘projpog many uol}ye10d107) XOAOIBY MVO 
“UUITY “Boase AA Aueduioyd uosuyor “q rao 
‘eq ‘ay uolze10di0+ 10jsIsayY a4 Yao 
“PN ‘9BUBIC) 489A, ‘DUI ‘UOSIPY “YY SBuIOY,], Tao 
"UUO ‘plo}WeP ‘JaaI9G WOY UIP SOT Auedulo,y ouyapq ueMasazy Y Wep_-Moqwy ayy, HHO 
dq Uo wuryse AQ “AN ‘3911S YW FLOS ‘au ‘sdoyg oulypeyy [vouqoarq [euOTyeN NO 
‘OFX ‘smo “4S Auedui0/) sulUNyoRjnueyy uuewssng 
‘TM ‘osearqy 300139 preqqnyy 39944 SILT Suedulo,) suunjyoerjnueyy ayeiq 
“KN ‘Ojeyng ‘anusay prey oF uorqye10dio-) [e1apa,t SIO 
‘IT ‘osea1ysD ‘onusay eisueqe 00SS sauor ‘gq PIeMOPT 
“eg ‘erydjapepyg ‘O+) JUSINIYSUT pus JaJaIOULIAaY], UOIsIaaIg LdO 
OlyC ‘(pooaJony) yeUUIOUTD Aueduo, Jomyeg ayy, Vd) 
"PON “yawn ‘O02 JUSUINIYsUT [BdaPy WOWSe A, AO 8 
“AN ‘uojAqeg ‘aut ‘Aueduro, s9duajsey snzq L 
“KN ‘uApyoorg ae11g YIXIG WON ¢Rgz ‘aUT “Od ZulINzoRjNUeY_ yeIsore[D JINO 9 
“eg ‘aiqdyjape[iyg ‘22139 peoig WON 10F KueduoD aouejysisay [BUCT}eUII}UT wo ¢ 
"f N ‘Uostieyy ‘auy ‘Aueduios Ss umMyoenueyy YOU ey: ©) 7 
“AN ‘NIOX MAN 49011 PSE 15944 FBP ‘auy ‘Auedwioy suiinjoxy nuep, punpreuuwepy HO g 
fON PPyUe[_ yog “‘diod 0117921 J9TIGnq-[]euso+ do 6 
“ssey] ‘aspluquie’y ‘J22I}G 2381S 0 Auedulo, olpey [eiauas) VO I 
xligug waaay 
ssauddy FONAAGNOdSg@yuod) aGAVN ‘SHAT aqoy 


SYUAANLOVANNVA AO SIT 


IA ATaVL 


60 


PHOTOGRAPHS 


GENERAL RADIO COMPANY 


a A 


, 


INTERPOLATOR GCALE 
SELEGT vest 
vera 


eaga0ge0 


Pane. Virw 


62 


GENERAL RADIO COMPANY 


SHAITS NO CUYMYOT XMVUC] LIND ONIMOHS maT, aaIg 


\ 


id1 Be el 
4 4118 Ge 


4 


63 


GENERAL RADIO COMPANY 


KHOOSBShASSEOS 


68 55@ 6 6 & 


Rear View with Capiner REMOVED 
64 


GENERAL RADIO COMPANY 


Ps, ~ os, . 
(vio (om (enna c-13) (v-to4) (v-105 (01) 


C188 (v109 


Gers ay HHKH9 9) =) al) Ge) Gr) 69 G3 


Front @Buiqguse View or Lert Sipe with Casinet REMOVED 
65 


GENERAL RADIO COMPANY 


CHEB) Go (a) 65 63) CY 3 60d 65 Ga Gad 


BOO@Oa DOS! 


OOOO OOO W 


@ 
sll Nicene) 


e 


SISIGIGIe 
@ 


SIGIGIGICIGIGIOIO@IGIOIS 


REAR OBLIQUE View or Lerr Sipe wirn CaBiner REMOVED 


66 


GENERAL RADIO COMPANY 


Ge} (Ho) ed) Ge) Ged Gon) a) 


4 \Y\al 


bbobe GiGle 


<< 


- O@OV@o 


EN G9 Go te) C9 te 


Front @BiuiqguE View or Rigut Sipe with CapBinET RemMoveD 


67 


GENERAL RADIO COMPANY 


Q@ YY OLYOOOD DOPE po Oe 


> 
ba an ite 


7! ae 
= = 1 #o-28 ——— 
LF La 
xm 
‘4 


(2) Geegove) (ad (os) God) G0) (SE) C 


es 
Co) OO) 


Rear Opiate View or Ricur Sipe with Caniner REMOVED 


GS 


VACUUM-TUBE DATA AND PERTINENT INFORMATION 


DATA ON VACUUM TUBES 


NOTE: The data given here give the ratings of the tubes; 
for working voltages and currents see page 70. 


Type 38075 (75) 
Dup.ex-DiopE Hicu-Mv TriopE 
Used for: V-106 


Base: Small 6-pin 
Operating Conditions: 


Heater Voltage.............. 6.3v 
Heater Current............. 0.3a 

Plate Voltage............... 250 volts 
Plate Current............... 0.9 ma 
Plate Resistance............. 91,000 ohms 
Grid Voltage..............4. —2Vv 


Transconductance........... 1,100 xmhos 


Diode plates connected together and used as 


half-wave rectifier for detector. 


Type 38076 (76) 
Super-TRIODE AMPLIFIER, DETECTOR 


Used for: V-102, 103, 104, 105, 107, 109, 112, 113, 


114. 
Base: Small 5-pin. 
Operating Conditions: 


Heater Voltage.............. 6§.3Vv 
Heater Current............. 0.3 a 

Plate Voltage............... 250 v max 
Plate Current............... 5 ma 

Plate Resistance............. 9,500 ohms 
Grid Voltage................ —13.5 v 
Transconductance........... 1,450 pmhos 


Type 38183 (83) 
Fuuit-Wave Mercury-Vapor RECTIFIER 


Used for: V-121 
Base: Medium 4-pin. 
Operating Conditions: nok pie a 
-Filament Voltage............ 5.0 
Filament Current............ 
RMS Voltage per plate eather 
D-C Output Current......... 
Tube Drop................. 


550 v max. 


Type 38184 (84) 
Fu.Lu-Wave Hicu-Vacuum REcTIFIER 
Used for: V-117 


Base: Small 5-pin. 
Operating Conditions: 


Heater Voltage.............. 6.3Vv 
Heater Current............. 0.5 amp. 
Peak Inverse Voltage........ 1,250 v max. 


Peak Current per plate....... 


225 ma max. 
15 v approx. 


180 ma max. 
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Type 38205 (VR-105-30) 
VouttTaGER REGULATOR 
Used for: V-111, 118, 119, 120 


Base: Small shell octal 6-pin. 
Operating Conditions: 


Starting Supply Voltage...... 137 v min. 

Operating Voltage........... 105 v 

Operating Current........... 5 ma min. 
30 ma max. 


Type 38636 (6C6) 
TripLeE-Grip DETECTOR AMPLIFIER 
Used for: V-101, 108 


Base: Small 6-pin. 
Operating Conditions: 


Heater Voltage.........,.... 6.3v 
Heater Current............. 0.3 a 

Plate Voltage............... 250 v 
Plate Current............... 2ma 

Plate Resistance............. over 1 meg 
Screen Voltage.............. 100 v 
Screen Current.............. 0.5 ma 
Grid Voltage.............0.. —3v 


Transconductance........... 1,225 pmhos 
Suppressor connected to cathode at socket. 


Type 38884 (884) Gas-TrioDE 


Used for: V-115, 116 
Base: Small shell octal 6-pin. 
Operating Conditions: 


Heater Voltage.............. 6.3 Vv 
Heater Current............. 0.6 a 
Plate Voltage............... 300 v max. 
Plate Current (Avg.)......... 75 ma max. 


Type 6SK7 Trip_a-Grip 
Super-ContTrou AMPLIFIER, SINGLE ENDED 
Used for: V-110 


Base: Small wafer octal 8-pin. 
Operating Conditions: 


Heater Voltage.............. 6.3 Vv 
Heater Current............. 0.3 a 

Plate Voltage............... 250 Vv 

Plate Current.............. 9.2 ma 
Plate Resistance............. 0.8 meg 
Screen Voltage.............. 100 v 
Screen Current.............. 2.4 ma 

Grid Voltage................ —3Vv 
Transconductance........... 2,000 xmhos 


Suppressor connected to cathode at socket. 


SOCKET VOLTAGES AND CURRENTS 


Readings at Model OE 
Socket | Tube Type Service or Between MA Volts Analyzer Remarks 
i Terminals D-C DC or AC | Meter Scale 
V-101 38636 Crystal Oscillator 1-6 6.3 ae 8 Ground cap to shelf; Calibrator 
(6C6) switch in 100-kc position. 
2-5 12 de 25 
3-5 93° de 250 
Cap 0 1 
3 28 5 
2 4.0 5 
V-102 38076 Crystal Oscillator 1-5 6.3 ac 8 Ground cap of V-101 to shelf. Re- 
(76) Amplifier 2-4 180 de 250 move V-103. Calibrator switch 
3-4 —5.5 50 in 100-kc position, 
4-Gnd 8.7 10 
3 0 1 
2 4.9 10 
V-108 38076 Multivibrator (1) 1-5 6.3 ae 8 Ground cap of V-101 to shelf. Re- 
(76) 2-4 92 de 250 move V-104. Calibrator switch 
3-4 —0.07 de* 1 in 100-kc position. 
3 0 1 * Initial velocity; bias=0. 
2 9 10 
V-104 38076 Multivibrator (2) 1-5 6.3 ac 8 Ground cap of V-101 to shelf. Re- 
(76) 2-4 95 de 250 move V-103. Calibrator switch 
3-4 —0.07 de* 1 in 100-kc position. 
3 0 1 * Initial velocity; bias=0. 
2 9 10 
V-105 38076 Multivibrator 1-5 6.3 ae 8 Ground cap of V-101 to shelf. Re- 
(76) Output Amplifier 2-4 240 de 250 move V-104. Calibrator switch 
3-4 —10 de 25 in 100-kc position, 
4-Gnd 10 de 25 
3 0 1 
2 9.5 10 
V-106 88075 Diode Detector and 1-6 6.5 ac 8 Detector Input Switch in Center 
(75) Ist Audio 38, 4-5 —0.3 de 5 Position. 
Amplifier 2-5 50 de 250 * Initial Velocity; bias=0, 
Cap-5 —0.4 de* 5 
Cap 0 1 
2 0.20 > 1 
V-107 38076 Impedance 1-5 6.5 ac 8 Detector Input Switch in Center 
(76) Transforming 2-4 52. de 250 Position. 
Tube 3-4 —0,55 de 5 
4-Gnd —21,5 de 25 
3 0 1 
2 0.95 oe 1 
V-108 38636 2d Audio 1-6 6.5 ac Detector Input Switch in Center 
(GCG) Amplifier Cap-5 —0.3 de 5 Position. 
2-5 95 de 250 
3-5 30. = de 250 
5-Gnd —0.55 de 5 
Cap 0 1 
3 0,24 1 
2 0.92 1 
V-109 38076 3d Audio 1-5 6.5 ac 8 Detector Input Switch in Center 
(76) Amplifier 2-4 255 de 500 Position. 
3-4 —1.6 de 5 
4—Gnd 10.5 de 5 
3 0 1 
2 9.2 10 


Except where indicating instruments are already incorporated in the equipment. operating personnel should not attempt to measure 
potentials in excess of 500 volts within the equipment due to hazards to life, 

ALL TUBES SUPPLIED WITH THE EQUIPMENT OR AS SPARES ON THE EQUIPMENT CONTRACT SHALL BE USED 
IN THE EQUIPMENT PRIOR TO EMPLOYMENT OF TUBES FROM GENERAL STOCK, 
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SOCKET VOLTAGES AND CURRENTS — Continued 


Readings at Model OF 
Socket Tuhe Type Service | or Between MA Volts Analyzer Remarks 
) Terminals D-C DE or AC | Meter Scale 
V-110 6SK7 Het. Freq. Meter 2-7 6.4 ac Range Switch on Dead Point 
Oscillator 8-5 7.0 de 10 Between Ranges 1-2. 
6-5 36 de 50 
4-5 —0.2 de 5 
4 0 1 
6 1.5 2.5 
8 2.6 5 
V-111 38205 H.F.M. Regulator 5-2 108 de 250 
| (VR-105-30) 5 13 25 
V-112 38076 R.F. Input 1-5 = 6.5 ac 8 R.F. Input control at zero. Cali- 
(76) 2-4 240 de 250 brator OFF. 
3-4 —7.2 de 50 
4-Gnd 7.6 de 10 
3 0 1 
2 15.2 25 
V-113 38076 H.F.M. Coupling 1-5 6.5 ac 
(76) Tube Q-4 270 de 500 
3-4 —14 de 50 
4~Gnd 14.5 de 25 
3 0 1 
2 7.5 10 
| V4 38076 Interp. Input 1-5 6.4 ac 8 Detector Input Switch in Center 
(76) Amplifier 2-4 185 de 250 Position. 
3-4 —5 de 50 
4+-Gnd 5.5 de 10 
3 0 1 
2 11 25 
V-115 38884 Interp. Freq. Meter 2-7 GAac | 8 Detector Input Switch in Center 
(884) Tube 3-8 —-14 de 50 Position. Remeve V-116. 
8-Gnd 94 de 250 
3 24 50 
V-116 38884 Interp. Freq. Meter Q-7 6.4 ac 8 Detector Input Switch in Center 
(884) Tube 3-8 14.5 de 50 Position. Remeve V-115. 
8-Gnd 95 de 250 
= 3 93 Saab 50 
V-117 $8184 Interp. Freq. Meter 1-5 6.5 ac 8 Detector Input Switch in Center 
(84) Switching Tube 3-4 —5.5 de 50 Pesition. 
3-4 —5.5 de 50 
4-Gnd 5.6 de 10 
V-118 38205 Interp. Regulator 5-2 108 de 250 
(VR-105-30) 2d Stage 5 11 25 
V-119 38205 Interp. Regulator 5-2 108 de 250 
(VR-105-30) Ist Stage 5 22.5 25 
V-120 38205 Interp. Regulator 5-2 108 de 250 
(VR-105-80) Ist Stage 5 22.5 25 
V-121 38183 Plate Voltage 1-4 5.2 ac 8 
(83) Rectifier 3-Gnd 620 ne 800 
L 2-Gnd 620 ac 800 


= 


Except where indicating instruments are already incorporated in the equipment, operating personnel should not attempt to measur 
potentials in excess of 500 volts within the equipment due to hazards to life. 

ALL TUBES SUPPLIED WITH THE EQUIPMENT OR AS SPARES ON THE EQUIPMENT CONTRACT SHALL BE USED 
IN THE EQUIPMENT PRIOR TO EMPLOYMENT OF TUBES FROM GENERAL STOCK. 
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MAIN CABLE 


Wire 
Celer Tracer 

{ Red (Black) 
Black (Green) 

{ Red (Black) 
Black (Red) 

Red (Black) 
Black (Red) 

{ Red (Black) 
Black (Red) 
Red (Yellow) 

{ Black (Yellow) 
Green 
Green (Black X) 
Green (Red) 
Green (Black) 
Green (Yellow) 
Yellow (Black) 
Slate (Black X) 
Slate — 
Slate (Black) 
Slate (Yellow) 
Slate (Green) 
Yellow 
Slate (Red X) 
Blue 
Slate (Green X) 
Slate (Red) 
Yellow —— 
Blue (Red) 
Slate (Black) 
Slate (Yellow) 
Green (Red X) 
Green (Yellow) 
Blue (Red X) 
Blue (Yellow X) 
Orange (Black) 
Green (Red) 
Yellow 
Orange aaa 
Green (Black) 
Blue (Yellow) 
Slate (Green X) 
Slate (Yellow X) 


WIRE COLOR CODE LIST 


Starts at 


T-103 #5 
T-103 #6 


E-141 
C-101 (Rear) 


T-103 #5 
T-103 #6 


R-183 (CCL) 
R-183 (CL) 


T-103 #5 
T-103 #6 


T-103 #1 
T-103 #2 
T-103 #3 
T-103 #4 
5-106 #100 


T-103 #7 
T-103 #10 
L-109 #2 
L-109 #3 
L-110 #1 
L-110 #3 
C-160 Front 


R-179 Top 

R-178 Bottom 
R-127 Bottom 
R-148 Bottom 
R-151 Left 

R-146 Bottom 
R-157 Bottom 
R-162 Bottom 


R-151 Right 
E-105 

#1 Calibrator 
#2 Calibrator 
S-103 #3 
S-104 #3 
R-183 Arm 
S-104 #10 
S-104 #1 
S-105 #1 
S-103 #9 
S-103 #11 


Peints of Call 
in @rder 


F-102 


R-183 (CCL) 

E-109 

5-106 (#300 and #301), 
R-183 (CL), 

E-110 

C-186 Right 

C-187 Right 


E-113, #7 Calibrator 
E-106, #8 Calibrator 


F-103 
L-108 #1 


C-159 Front 
P-101 #9, S-106 #200 


E-112 
E-111 
C-119 Right 
E-108 
R-155 Right 


| 


Ends at 


E-141 
C-101 (Front) 


I-101 
I-101 


#5 Calibrator 


#6 Calibrator 
V-106 #1 
V-106 #6 


I-102 
I-102 


P-101 #7 
F-101 110v 
F-101 1l5v 
F-101 120v 
P-101 #8 


S-106 #201 
L-108 #2 
R-179 Bottom 
L-110 #2 
C-158 Front 
R-127 Top 
S-104 #7 


T-102 #1 
S-105 #2 

#3 Calilrator 
R-150 Right 
#4 Calibrator 
C-164 Right 
R-158 Right 
E-107 


M-103+ 
M-103— 
M-102+ 
M-102— 
M-101+ 
M-101- 
R-175 (CL) 
S-103 #5 
C-174 Left 
V-115 #3 
R-126 Right 
R-120 Top 


WIRE COLOR CODE LIST 


MAIN CABLE — Continued 


Wire 


Color Tracer 


Starts at 


Points of Call 
in Order 


Ends at 


Two Conductor | 


P-101 #11 
P-101 #12 


T-103 #8 
T-103 #12 
T-103 #9 
T-103 #11 


#2 R-184 Assembly 
#1 R-184 Assembly 


V-121 #2 
V-121 #3 
V-121 #1 
V-121 #4 
Shield GND at V-12: 


DETECTOR-AMPLIFIER BY-PASS CONDENSER CABLE 


Shielded f 
Four Conductor | 

Shielded 
Red 
Red 
Blue 
Blue 
Yellow 
Blue (Brown X) 
Blue (Red) 
Blue (Slate) 
Yellow (Red) 
Blue (Brown) 
Blue (Yellow) 
Yellow (Black) 
Blue (Red X) 
Blue (Yellow X) 
Slate (Green X) 
Yellow 
Red (Black) 
Black (Red) 
Red (Yellow) 
Black (Yellow) 
Slate (Yellow X) 
Slate (Green X) 
Slate (Yellow) 
Yellow 
Yellow oa 
Yellow == 
Blue (Red) 
Orange (Green) 
Slate (Black X) 
Yellow 
Blue (Slate X) 
Brown 
Brown 
Brown (Green) 
Yellow (Black) 
Yellow (Black X) 
Orange (Green X) 
Blue (Yellow) 
Brown (Red) 


R-129 Left 
R-132 Right 
R-135 Left 
R-135 Right 


R-138 Right 
R-139 Right 
R-140 Right 
R-143 Right 


CALIBRATOR SHELF CABLE 


Terminal #1 
Terminal #2 
Terminal #3 
Terminal #4 
Terminal #5 
Terminal #6 
Terminal #7 
Terminal #8 


CODED WIRES NOT IN CABLE 


R-110 Right 
R-106 Right 
C-151 Left 
R-183 Arm 
R-131 Left 
R-138 Left 
R-140 Left 
LC-102 #3 
V-109 #2 
R-165 Left. 
T-102 #2 
T-102 #4 
R-168 Right 
T-102 #3 
C-154 Right 
C-155 Left 
R-170 Left 
V-115 #3 
R-170 Right 


R-142 Left 


V-116 #3, R-1 


R-116 Top 


(ee) 


6 Right 


C-164 Left 

C-123 Right 
C-164 Right 
C-124 Right 
C-128 Right 
C-129 Right 
C-130 Right 
C-132 Right 


S-101 #406 

R-104 Right 
R-106 Right 
R-105 Right 


V-102 #1 
V-102 #5 
V-101 #1 
V-101 #6 


R-120 Top 
R-126 Right 
E-107 

R-151 Left 
R-134 Left 
LC-102 #2 
T-101 #1 
T-101 #2 
LC-102 #1 
R-175 (CL) 
V-114 #2 
R-168 Left 
V-116 #5 
R-169 Right 
V-115 #8 
V-116 #8 
C-174 Left 
R-177, Right 
V-117 #2 


WIRE COLOR CODE LIST 


CODED WIRES NOT IN CABLE — Continued 


Points of Call 


Shielded 


Shielded 


Two Conductor 


Two Conductor | 


T-101 #4 
T-101 #3 
GND at T-101 
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Color Tracer Starts at in Order Ends at 
Brown (Red X) R-180 Right — V-117 #3 
Blue (Slate) V-119 #2 —— V-120 #5 
Blue — E-111 — V-118 #5 
Slate (Red) E-108 — V-111 #5 
Green L-117 Front — P-102 #7 
Green (Yellow) L-116 Front ; — P-102 #8 
Green 60~ Terminal Front — L-117 Rear 
Green (Yellow) 60~ Terminal Rear — L-116 Rear 
Green (Yellow) 5-106 #102 — F-101 120v 
Red (Black) R-101 Left Rear ae E-141 
Black (Red) R-101 Right Rear — C-101 Rear 
Single Conductor T-101 #2 — J-103 #2 

Shielded Shield GND at T-101 J-103 #4 
Single Conductor \ C-153 Right — J-103 #1 
Shielded Shield GND Near —_—— J-103 #4 
C-1538 
( L-114 Front P-102 #11 
| L-115 Front —— P-102 #12 


Shield to P-102 #10 


R-184A (CL) 
R-184B (CL) 
R-184A (CCL) 


